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Tig fits resc^r V ed) 



Aftee an absence of twelve years, I visited the Mer de 
Glace last June. It exhibited in a striking degree that 
excess of consumption over supply which, if conjiinued, 
will eventually reduce the Swiss glaciers to the mere 
spectres of their former selves. When I fiijj,st saw the 
Mer de Glace its ice-clifife towered over Les Mottets, 
and an arm of the Arvciron, issuing from the cliffs, 
plunged as a powerful cascade down the rocks. The ice 
has now shrunk far behind them. A huge moraine, left 
behind by the retreating glacier, will mark, for some 
time to pome, its recent magnitude. The vaJtilt of the 
Arveiron has dwindled considerably. The way up to the 
Chapeau lies on the top of a lateral moraine, reached a 
few years ago by the surface of the glacR^r, the present 
surface lying far below. The visible and continual 
breaking away of the moraines, left thus stranded on the 
mountain flank, explains the absence of ancient ridges on 
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tlie mountains where the slopes are steep. The foe-cas- 
cade of the G6ant has suflfered much from the general 
waste. Its crevasses are still wild, but the ice-cliffs and 
*s4racs of former days are but poorly represented to-day. 

The great Aletsch and its neighbours exhibit similar 
evidences of diminution. I found moreover this year that 
the two ancient moraines mentioned in paragraph 364 
a^e parts of the same great lateral moraine which flanked 
the glacier for a long period, during which its magnitude 
must have remained practically constant. The plac# 
occupied by the ancient ice-river is rendered strikingly 
conspicuous by this well-preserved boundary. 

During my residence at the Bel Alp this year, a 

€ 

catastrophe occurred which renders, for the time being, 
the description of the Margelin See given in § 60 inap- 
• propriate. In company with two young friends I had 
descended the glacier and passed through the gorge of 
the Massa. On our return to the Bel Alp we found the 
domestic8«of the hotel leaning out of the windows and 
looking excitedly towards the glacier. From it pro- 
ceeded a sound which resembled the roar of a cataract. 
The servants Vemarked that the Margelin See must 
have broken loose. This was the case. For a time, 
however, the water flowed beneath the glacier ; but at 
a point about midway between the Bel Alp and the 



PEEFACE. 


ix 


^ggilchhorn, it broke forth <5n^the iBggischhom side, 
and formed a torrent between the glacier and the 
slope of the mountain. In some places this river was 
more than sixty yards wide, at others it was con- 
tracted to less than one-tifth of this width. Broken 
cascades of great height were formed here jind there by 
successive lodges of ice, the torrent leaping with inde- 
scribable fury from ledge to ledge, and sending a smoke 
of spray into the air. At one place the bottom of the 
torrent was deep soft sand, which, after the water had 
passed; could be seen to have been torture^ into 
huge funnels by the whirling eddies overhead. 

Soon after we reached the Bel Alp, oil the occa- 
sion just referred to, the front of the torrent a^|peared 
at the opposite side of the valley carrying everything 
movable before a-nd immediately afterwards swept' 
through the hollow that we had traversed a little 
earlier in the day. When at the end of the glacier I 
was struck by the force and volume of the Massa, and 
the grandeur of its vault, but I could not then account 
for the huge blocks of ice which it incessantly carried 
down. Doubtless the eruption above hSd been partial 
before the grand rush set in. The Bhone was con- 
siderably swollen, crops were damaged or ruined, and 
the driver of the diligence was sorely perplexed to find 



X 


PREFACE. 


himself in three feet of* water, without any a^arent 
reason, on the public highway. Two or three days 
subsequently I learned at the .^ggischhom that an 
engineer had been sent up to report on the possibility 
of opening a channel, so as to prevent any future accu- 
mulation of water in the Margelin See. If this be 
done a useful end will be gained, by the abolition, how- 
ever, of one of the most beautiful objects in Switzer- 
land. 

J. Tyndall. 

Stptember 1872. 
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THE FOEMS OF WATER 

IN 

CLOUDS AND EIVEES, ICE AND GLACIEES. ‘ 


§ 1. Clouds^ Bains, and Rivers. 

1. Eveet occurrence in Nature is preceded by other 
occurrences which ^are its causes, and succeeded by 
others which are*Lts effects. The human mind is not 
satisfied with observing and studying any natural oc- 
cxirrence alone, but takes pleasure in connecting every 
natural 'fact with what has gone before it, and with 
what is to come after it. 

2. Thus, when we enter upon the study of rivers and 
glaciers, our interest will be greatly S.ugmented by 
taking into account not .only their actual appearances, 
but also their causes and effects. 

3. Let us trace a river to its source. Beginning 
where it empties itself into the sea, and following it 
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backwardr^ we find Ifrom time to time joined by 
tributaries which swell its waters. . The river of course 
becomes smaller as these tributaries are passed. It 
shrinks first to a brook, then to a stream ; this again 
divides itself into a number of smaUm* streamlets, 
ending in mere threads of w-ater. These constitute 
the source of the river, and are usually found among 
hills. 

^ 4. Thus the Severn has its source in the Welsh 
Mountains } the Thames in the Cotswold Hills j the 
Danube in the hills of the Black Borest ; the Bhine and 
the Rhone in the Alps ; the Ganges in the Himalaya 
Mountains ; the Euphrates near Mount Armrat ; the 
Garonne in the Pyrenees j the Elbe in the Giant Moun- 
tains <of Bohemia ; the Missouri in the Rocky Mountains, 
and the Amazon in the Andes of Peru. 

^6. But it is quite plain that we have not yet reached- 
the real beginning of the rivers. ‘ Whence do the 
earliest streams derive their water P A brief residence 
among the mountains would prove to you that they are 
fed by ^ains. In dry .weather you would .find the 
streams feeble, sometimes indeed quite dried up. In 
wet weather you would see them foaming torrents. In 
general these' streams lose themselves as little threads 
of water upon the, hill sides; but sometimes you may 
trace a river to a definite spring. The river Albula in 
Switzerland, for instance, rushes at its origin in con- 
siderable volume from a mountain side. But you very 



CLOUDS AND RIVERS, ICE AND GLACIERS. 3 

• 

soon assure yourself that such Springs are also fed by 
rain, which has percolated through the rocks or soil, 
and which, through some orifice tha,t it has formd or 

V 

formed, comes to the light of day. 

6. But we cannot end here. Whence comes the rain 
which forms the mountain streams ? Observation 
enables you to answer the question. Bain does not 
come from a clear sky. It comes from clouds. But 
what are clouds ? Is there nothing you are acquainted^ 
with which they resemble? You discover at once a 
likeness between them and the condensed steam of a 
locomotive. At every puff of the engine a cloud ist pro- 
jected into the air. Watch the cloud sharply : you 
notice that it first forms at a little distance from the 
top of the funnel. Give ‘close attention and yotw will 
sometimes see a perfectly clear space between the 
funnel and the cloud. Through that clear space the 
thing which make# tfie cloud must pass. What, then, 
is this thing which at one moment is transparent and 
invisible, and at the next moment visible as a dense 
opaque cloud? 

7. It is the steam or vapour of water from the boiler. 
Within the boiler this steam is transparent and in- 
visible ; but to keep it in this invisible^ state a heat 
would be required as great as that within the boiler. 
When the vapour mingles with the cold air above the 
hot funnel it ceases to be vapour. Every bit of steam 
shrinks, when chilled, to a much more niinute pai*ticle of 
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■water. The liquid partfcles thus produced form a kind 
of waier-xkist of exceeding fineness, which floats in the 
air, and is called a clovd. ' • . 

8. Watch the cloud-banner from the funnel of a 
running IcfOomotive ; yon see it growing gradually leas 
dense. It finally melts away altogether, and if you 
continue ybur observations you will not fail to notice 
that the speed of its disappearance depends upon the 
character of' the day. In humid weather the cloud 
hangs long and lazily in the air ; in dry weather it is 
rapidly licked up. What has become of it? It has 
been (Tecon verted into ti*ue invisible vapour. 

9. The drier the air, and the hotter the air, the 
greater is the amount of cloud which can be thus dis- 
solved in It. When the cloud first forms, its quantity 
is far greater than the air is able to maintain in an in- 
■visible state. But as the cloud mixes gradually with a 
larger mass of air it is more arid more dissolved, and 
finally passes altogether from the condition of a finely- 
divided liquid into that of transparent vapour or gas. 

10., Make the lid of a kettle air-tight, aijd permit 
the steam to issue from the pipe; a cloud is precipitated 
in all respects similar to that issuing from the funnel of 
the locomotive. 

11. Permit the steam as it issues from the pipe to 
pass through the flame of a spirit-lamp, the cloud is in- 
stantly dissolved by the heat, and is not again precipi- 
tated. With a special boiler and a special nozzle the 
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experiment may be made more striking, but,* not more 
instructive, than with the kettle. 

12. Look to your bedroom windows when the weather 
is very cold outside ,* they sometimes stream with water 
derived from the condensation of the aqueous vapour 
from your own lungs. The windows of railway carriages 
in winter show this condensation in a striking manner. 
Pour cold water into a dry drinking-glass on a summer’s 
day : the outside surface of the glass becomes instantly 
dimmed by the precipitation of moisture. On a warm 
day you notice no vapour in front of your mouth, but 
on a cold day you form there a little cloud derived 
from the condensation of the aqueous vapour from the 
lungs. ^ 

13. You may notice in a ball-room that as longes the 
door and windows are kept closed, and the room remains 
hot, the air remains cjear; but when the doors or windows 
are opened a dimness is visible, caused by the precipi- 
tation to fog of the aqueous vapour of the ball-room. 
If the weather be intensely cold the entrance of fresh 
air may’ even cause snow to fall. This has been ob- 
served in Russian ball-rooms ; and also in the subterra- 
nean stables at Erzeroom, when the doors are opened 
and the cold morning air is permitted to %nter. 

14. Even on the driest day this vapour is never 
absent from our atmosphere. The vapour diffused 
through the air of this room may be congealed to hoar 
frost in j^our presence. This is done by filling a 
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vessel wi^h a mixture of pounded ice and salt, which 
is colder than the ice itself, and which, therefore, con- 
denses and freezes the aqueous vapour. The surface 
of the vessel is finally coated with a frozen fur, so 
thick that it may be scraped away and formed into a 
snow-ball. 

15. To produce the cloud, in the case of the loco- 
motive and the kettle, heat is necessary. By heating 
€he water we first convert it into steam, and then by 
chilling the steam we convert it into cloud. Is there 
any fire in nature which produces the clouds of our 
atmosphere ? There is ; the fire of the sun. 

16. Thus, by tracing backward, without any break in 
the chain of occurrences, our river from its end to its 
real l^Jginnings, we come at length to the sun. 

§ 2 . 

17. There are, however, rivers wflich have Sources 
somewhat different from those just mentioned. They 
do not begin by driblets on a hill side, nor. can they be 
traced to^a spring. Go, for example, to the mouth of 
the river Rhone, and trace it backwards to Lyons, where 
it turns to the east. Bending round by Chambery,^ you 
cdme at length to the Lake of Geneva, from which the 
river rushes, and which you might be disposed to regard 
as the source of the Rhone. But go to the head of the 
lake, and you find that the Rhone there enters it, that 
the lake is in fact a kind of expansion of the river. 
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Follow this upwards; you joined hy smaller 

rivers from the mountains right and left. !^ass these, 
and push your journey higher still. You come at length 
to a huge mass of ice — the end of a glacier — which fills 
the Bhone valley, and from the bottom of the glacier 
the river rushes. In the glacier of the Bhone you thus 
find .the source of the river Bhone. 

18. But again we have not reached the real begin- 
ning of the river. You soon convince yourself that this 
earliest water of the Bhone is produced by the melting 
of the ice. You get upon the glacier and walk upwards 
along it. After a time the ice disappears and yop come 
upon snow. If you are a competent mountaineer you 
may go to the very top of this great snow-field, and if 
you cross the top and lleseend at the othCT side you 
finally quit the snow, and get upon another glacier 
called the Trift, from the end of which rushes a river 
smaller than the "Rhone. 

10. You soon learn that the mountain snow feeds 
the glacier. By some means or other the snow is con- 
verted into ice. But whence comes the snAw 9 Like 
the rain, it comes ftom the clouds, which, as before, 
can be traced to vapour raised by the sun. . Without 
solar fire we could have no atmospheric vapour, without 
vapour no clouds, without clouds no snow, and without 
snow no glaciers. Curious then as the conclusion may 
be, the cold iee of the Alps has its origin in the heat of 
the atm. 
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,§ 3. The Waves of Light. 

20. But what is the sun ? We know its size and its 
weight. We also know that it is a glohe of fire far 
hotter than any fire upon earth. But we now enter 
upon another enquiry. We have to learn definitely 
what is the meaning of solar light and solar heat ; in 
udiat way they make themselves known to our senses ; 
by what means they get from the sun to the earth, and 
how, when there, they produce the clouds of our atmo- 
sphere, and thus originate onr rivers and oor glaciers. 

21. If in a dark room you close your eyes and press 
the eyelid with your finger-nail, a circle of light will be 
seen opposite to the point pressed, while a sharp blow 
upon the eye produces the impression of a flash of light. 
There is a nerve specially devoted to the purposes of 
vision which comes from the brain ‘to»> the back of the 
eye, and there divides into fine filaments, which are 
woven together to a kind of screen called the retina. 
The retina can be excited in various ways so as to prO" 
duce the consciousness of light ; it may, as we have 
seen, be excited by the rude mechanical action of a blow 
imparted to theteye. 

22. There is no spontaneous creation of light by 
the healthy eye. To excite vision the retina must be 
afibcted by something coming firom without. What is 
that something? In' some way or other luminous 
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bodies have the power of affecting the retina — ^but - 
how 9 

23. It was long supposed that from such bodies 
issued, with inconceivable rapidity, an inconceivably fine 
matter, which flew through space, passed through the 
pores supposed to exist in the humours of the eye, 
reached the retina behind, and by their sKock against 
the retina, aroused the sensation of light. 

24. This theory, which was supported by the greatest 
men, among others by Sir Isaac Newton, was found 
competent to explain a great number of the phenomena 
of light, but it was not found competent to explain all 
the phenomena. As the skill and knowledge of experi- 
menters increased, large classes of facts were revealed 

» which could only be explained by assuming* tha^ light 
was produced, not by a fine matter flying through space 
and hitting the retina, but by the shock of minute waves 
against the retina. 

25. Dip your finger into a basin of water, and cause 
it to quiver rapidly to and fro. From the point of dis- 
turbance issue small ripples which are carri%d forward 
by the water, and which finally strike the basin. Here, 
in the vibrating finger, you have a source of agitation ; 
in the water you have a vehicle through which the 
finger’s motion is transmitted, and you have finally the 
side of the basin which receives the shock of the little 
waves. 

I • 

26. In like manner, according to the wave theory of 
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liglit) you have a source hf agitation in the vibrating 
atoms, or smallest particles, of the luminous body; you 
have a vehicle of transmission in a substance which is 
supposed to fill all space, and to be diffused through the 
humours of the eye ; and finally, you have the retina, 
■which receives the successive shocks of the waves. 
These shock! are supposed to produce the sensation pi 
light. 

^7. We are here dealing, for the most part, with 
suppositions and assumptions merely. We have never 
seen the atoms of a luminous body, nor their motions. 
We have never seen the medium which transmits their 
motions, nor the waves of that medium. How, then, do 
we come to assume their existence ? 

28. ipefore such an idea cotfld have taken any real 
root in the human mind, it must have been well disci- 
plined and prepared by observations ^nd calculations of 
ordinary wave-motion. It was necessary to know how 
both water-waves and sound-waves are formed and 
propagated. It was above all things necessary to know 
how wavesy passing through the same medium, ajot upon 
each other. Thus disciplined, the mind was prepared 
■to detect any resemblance presenting itself between the 
action of lighls and that of waves. Great classes of 
optical phenomena accordingly appeared which could 
be accounted for in the most complete and satisfactory 
manner by assuming them to be produced by waves, and 
which could not be otherwise accounted for. It is 
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because of its competence to explain all the^phenomena 
of light that the wave theory now receives universal 
acceptance on the part of scientific men. 

Let me use an illustration. We infer from the 
flint implements recently found in such profusion all 
over England and in other countries, that they were 
produced by men, and also that the Pyramids of Egypt 
were built by men, because,, as far as our experience 
goes, nothing but men could form such implements •or 
build such Pyramids. In like manner, we infer from 
the phenomena of light the agency of waves, because, 
as far as our experience goes, no other agency could 
produce the phenomena. 

4. The Waves of Heatwhieh produce the Vhpour of our 
Atmosphere and melt our Glaciers. 

29. Thus, in a general way, I have given you the 
concepjtion and*the grounds of the conception, which 
regards light as the product of wave-motion ; but we 
must go farther than this, and follow the conception into 
some of its details. We have all seen tlie wives of 
water, and we know they are of different sizes — different 
in length and different in height. When, therefore, 
you are told that the atoms of the sufl, and of almost 
all other luminous bodies, vibrate at different rates, and 
produce waves of different sizes, your experience of 
water-waves will enable you to form a tolerably clear 
notion of whai^is meant. 
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30. As observed abo^e, Ve have never seen the light- 

waves, but we judge of their presence, their position, 
and their magnitude, by their effects. Thei lengths 
have been thus determined, and found to vary from 
alx>ut Tg ^ 'o o t h to an inch. 

31. But besides those which produce light, the 
sun sends forth incessantly a multitude of waves which 
produce no light. The largest waves which the sun 
seSids forth are of this non-luminous character, though 
they possess the highest heating power. 

32. A common sunbeam contains waves of all kinds, 
but it is possible to sift or filter the beam so as to inter- 
cept all its light, and to allow its obscure heat to pass 
unimpeded. For substances have been discovered 
which, fWhite intensely opaque ‘to the light-waves, hre 
almost perfectly transparent to the others. On the other 
hand, it is possible, by the choice of proper substances, 
to intercept in a great degree the j^ure heat-waves, 
and to allow the pure light- waves free transmission. 
This last separation is, however, not so perfect as the 
first. *’ 

33. We shall learn presently how to detach the one 
class of waves from the other class, and to prove that 
waves competent to light a fire, fuse metal, or burn 
the hand like a hot solid, may exist in a perfectly dark 
place. 

34. Supposing, then, that we withdraw, in the first 
instance the large heat-waves, and allow the light- , 
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waves alone to pass. Thes^ may be concentrated by 
suitable lenses and sent into water without sensibly 
warming it. Let the light-waves now be withdrawn, 
and the larger heat-waves concentrated in the same 
manner ; they may be caused to boil the water almost 
instantaneously. 

35. This is the point to which I wished to lead you, 
and which without due preparation could not be under- 
stood. You now perceive the important part played by 
these large darhness-waves, if I may use the term, in 
the work of evaporation. When they plunge into seas, 
lakes, and rivers, they are intercepted close to iixe sur- 
face, and they heat the water at the surface, thus 
causing it to evaporate ; the light- waves at the same 
time entering to great depths without sensibly Jieating 
the water through which they pass. Not only, there- 
fore, is it the sun’s fire which produces evaporation, 
but a particular»constituent of that fire, the existence 
of which you probably were not aware of. 

36. Further, it is these selfsame lightless waves 
which, .falling upon the glaciers of the Aljfe, melt the 
ice and produce all the rivers fiowing from the glaciers ; 
for I shall prove to you presently that the light- waves, 
even when concentrated to the uttermost, are unable 
to melt the most delicate hoar-frost much less would 
they be able to produce the copious liquefaction observed 
upon the glaciers. 

37^ These large lightless waves of the sun, as well as 
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the heat>w{LV6s issuing uon-luminous hot bodies, 
axe frequently called obscure or invisible heat. 

"Wie have here an example of the manner in which 
phenomena, apparently remote, are connected together 
in this wonderful system of things that we call Nature. 
You cannot study a snow-flake profoundly without being 
led back by tt step by step to the constitution of the sun. 
It is thus throughout Na.ture. All its parts are inter- 
dspendent, and the study of any one part completely 
would really involve the study of all. 

§ 5. Experiments to prove the foregoing Statements, 

38. Heat issuing from any source not visibly red 
cannot be concentrated so as to produce the intense 
effects just Veferred to. To produce these it is neces- 
sary to employ the obscure heat of a body raised to the 
highest possible state of incandescence. The sun is 
such a body, and its dark heat is therefore suitable 
for experiments of this nature. 

89. But in the atmosphere of London, and for ex- 
periments Such as ours, the heat-waves emitted by coke' 
raised to intense whiteness by a current of electricity 
are much, more manageable than the sun’s waves. 
The electric light has also the advantage that its dark 
radiation embraces a larger proportion of the total ra- 
diation than the dark heat of the sun. In fact, the force 
or energy, if I may use the term, of the dark waves of 
the electric light is fully seven times that of its light- 
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waves. The electric light, therefore, shall b» employed 
in OUT experimental demonstrations. 

40. From this source a powerful beam is sent through 
the room, revealing its track by the motes floating in 
the air of the room ; for were the motes entirely absent 
the beam would be unseen. It falls upon a concave 
mirror (a glass one silvered behind will answer) and 
is gathered up by the mirror into a cone of reflected 
rays ; the luminous apex of the cone, which is the/o<v^ 
of the mirror, being about fifteen inches distant from its 
reflecting suriace. Let us mark the focus accurately by 
a pointer. 

41. And now let us place in the path of the beam a 
substance perfectly opaque to light. This substance is 
iodine dissolved in a liquid called bisulphidd of qjarbon. 
The light at the focus instantly vanishes when the dark 
solution is introduced. But the solution is intensely 
transparent to the dark waves, and a focus of such 
waves remains in the air of the room after the light 
has' been abolished. You may feel the heat of these 
waves with your han^ j you may let them fkll upon a 
thermometer, and thus prove their -presence ; or, best 
of all, you may cause them to produce a current of 
electricity, which deflects a large m agnatic needle. The 
magnitude of the deflection is a measure of the heat. 

42. Our object now is, by the use of a more powerful 
lamp, and a better mirror (oiie silvered- in front 
and with a shorter focal distance), to intensify the 
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liece rendered so %ensible. As before, the focus 
ia rendered strikingly visible by the intense iUumiua- 
tion of the dust particles. We will first filter the 
beam so as to intercept its dark waves, and then per- 
mit the purely luminous waves to exert their utmost 
power on a small bundle of gun-cotton placed at the 
focus. ' 

43. No effect whatever is produced. The gun-cotton 
might remain there for a week without ignition. Let 
us now permit the unfiltered beam to act upon the 
cotton. It is instantly dissipated in an explosive fiash^. 
This experiment proves that the light- waves are incom- 
petent to explode the cotton, while the waves of the 
full beam are competent to do so ; hence we may con- 
clnde that the dark waves are the real agents in the 
explosion. 

44. But this conclusion would be only probable ; for 
it might be urged that the mixture ctf the dark waves 
and the light- waves is necessary to produce the result. 
Let us then, by means of our opaque solution, isolate 
our dark^waves and converge them on the cotton. It 
explodes as before. 

45. Hence it is the dark waves, and they only, that 
are concerneddn the ignition of the cotton. 

46. At the same dark focus sheets of platinum are 
raised to vivid redness ; zinc is burnt up ; paper in- 
stantly blazes; magnesium wire is ignited; charcoal 
within a receiver containing oxygen is •set burning ; a 
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diamond similarly placed is caiise4 to glow lil(e a star, 
being afterwards gradually dissipated. And all this 
while the aw at the focus remains as cool as ih any 
other part of the room. 

47. To obtain the light-waves we employ a clear 
solution of alum in water; to obtain the dark waves 
we employ the solution of iodine above referred to. 
But as before stated (32), the alum is not so perfect a 
filter as the iodine ; for it transmits a portion of the 
obscure heat. 

48. Though the light-waves here prove their incom- 
petence to ignite gun-cotton, they are able to burn up 
black paper ; or, indeed, to explode the cotton when it 
is blackened. The white cotton does not absorb the 
light, and without absorption we have no heatmg. • The 
blackened cotton absorbs, is heated, and explodes. 

49. Instead of a solution of alum, we will employ for 
our next experimeift a cell of pure yrater, through which 
the* light passes without sensible absorption. At the 
focus is placed a test-tube also containing water, the fuh 
force of the light being concentrated upon it. The 
water is not sensibly warmed by the concentirated 
waves. We now remove the cell of water ; no change 
is visible in the beam, but the water contained in the 
test-tube now boils. 

50. The light-waves being thus proved ineffectual, 
and the full beam effectual, we may infer that it is the 
dark waves that do the work of heating. But we clench 

0 
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our infei^nce by empldying our opaque iodine filter. 
Placing it on the path of the beam, the light is entirely 
stopped, but the water boils exactly as it did when the 
full1)eam fell upon it. 

61. The truth of the statement made in paragraph 
(84) is thus demonstrated. 

62. And now with regard to the melting of ice. On 

the surface of a flask containing a freezing mixtm'e 
‘we obtain a thick fur of hoar-frost. Sending the 
beam through a water-cell, its luminous waves are con- 
centrated upon the surface of the flask. Not a spicula 
of the frost is dissolved. We now remove the water -cell, 
and in a moment a patch of the frozen fur as large as 
half-a-crown is melted. Hence, inasmuch as the full 
beaip produces this effect, and the luminous part of the 
beam does not produce it, we fix upon the dark portion 
the melting of the frost. , 

68. As before, we clench this infefrence by concentra- 
ting the dark waves alone upon the flask. The frost is 
dissipated exactly as it was by the full beam. 

64. These effects are rendered strikingly .visible by 
dajrkening with ink the freezing mixture within the 
flask. When the hoar frost is removed, the blackness 
of the surface from which it had been melted comes 
out in strong contrast with the adjacent snowy white- 
ness. When the, flask itself, instead of the freezing 
mixture, is blackened, the purely luminous waves being 
absorbed by the glass, warm it ; the glass reacts upon 
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the frost, and melts it. Hence thrf wisdom of darkening, 
instead of the flask itself, the mixture within the flask.* 

55. This experiment proves to demonstration the 
statement in paragraph (36) : that it is the dark waves 
of the sun thal: melt the mountain snow and ice, and 
originate all the rivers derived from glaciers. 

There are writers who seem to regard scieifce as an. 
aggregate of facts, and hence doubt its efficacy as an 
exercise of the reasoning powers. But all that f have 
here taught you is the "result of reason, taking its stand, 
however, upon the sure basis of observation and experi- 
ment. And this is the spirit in which our furl^er 
studies are to be pursued. 

§ 6. Ocean{(k Distillation. 

56. The sun, you know, is never exactly overhead in 
England. But at the^equator, and within certain li- 
mits north and soutfi of it, the sun at certain periods of 
the year is directly overhead at noon. These limits are 
called the Tropics ^ of Cancer and of Capricorn. Upon 
the belt comprised between those two circles tfie sun’s 
rays fall with their mightiest power ; for here they 
shoot directly downwards, and heat both earth and sea 
more than when they strike slantingly. 

57. "When the vertical sunbeams strike the land they 
heat it, and the air in contact with the hot soil becomes 
heated in turn. But when heated the air expands, and 
when it expands it ^becomes lighter. This lighter air 
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risesj l|ke wood plunged into water, through the heavier 
air overhead. 

I 

58. When the sunbeams fall upon the sea the water 
is warmed, though not so much as the land. The 
warmed watmr expands, becomes thereby lighter, and 
therefore continues to float upon the top. This upper 
layer of water warms to some extent the air in contact 

r . . ’ 

with it, but it also sends up a quantity of aqueous 
vapour, which being far lighter than air, helps the 
latter to rise. Thus both from the land and from the 
sea we have ascending currents established by the 
action of the sun. 

59. When they reach a certain elevation in the 

atmosphere, these currents divide and flow, part 
toAjards the north and part towards the south while 
from the north and the south a flow of heavier and 
colder air sets in to supply the place of the ascending 
warm air. ^ 

60. Incessant circulation is thus established in the 
atmosphere. The equatorial air and vapour flow above 
towards the north and south poles, while the polar air 
flows below towards the equator. The two currents of 
air thus established are called the upper and the lower 
trade winds. 

61. But before the air returns from the poles great 
changes have occurred. For the air as it quitted the 
equatorial regions was laden with aqueous vapour, 
which could not subsist in the cold polar regions. It is 
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there precipitated, falling sometiines as rain, hr more 
commonly as snow. The land near the pole is covered 
with this snow, which gives birth to vast glaciers in a 
manner hereafter to be explained. 

62. It is necessary that you should have a perfectly 
clear view of this process, for great mistakes have been 
made regarding the manner in which glaciers are related 
to the heat of the sun. 

63. It was supposed that if the sun’s heat were 
diminished, greater glaciers than those now existing 
would be produced. But the lessening of the sun^s 
heat would infallibly diminish the quantity of aquSous 
vapour, and thus cut off the glaciers at their source. 
A brief illustration will- complete your knowledge here. 

64. In the process of ordinary distillation, the liquid 
to be distilled is heated and converted into vapour in 
one vessel, and chihed and reconverted into liquid in 
another. What has just been stated renders it plain 
that the earth and its atmosphere constitute a vast dis- 
tilling apparatus in which the equatorial ocean plays 
the part of the boiler, and the chill regions of the poies 
the part of the condenser. In this process of distilla- 
tion heat plays quite as necessary a part as cold, and 
before Bishop Heber could speak of ‘ Grienland’s icy 
mountains,’ the' equatorial ocean had to be warmed by 
tha sun. We shall have more to say upon this question 
afterwards. 
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llLTTSTBATIVE ExPEEIMENTS. 

65. I have said that when heated, air expands. If 
you wish to verify this for yourself, proceed thus. Take 
an empty^ flask, stop it by a cork; passithrough the cork 
a narrow glass tube. By heating the tube in a spirit- 
lamp you can bend it downwards, so that when the 
flask is standing upright the open end of the narrow 
tube may dip into water. Now cause the flame of 
your spirit-lamp to play against the flask. The flame 
hearts the glass, the glass heats the air ; the air ex- 
pands, is driven through the narrow tube, and issues 
in a storm of bubbles from the water. 

66. Were the heated air unconfined, it, would rise in 
the heavier cold air. Allow a sunbeam or any other 
intense light to fall upon a white ■^all or screen in a dark 
room. Bring a heated poker, a candle, or a gas flame 
underneath the beam. An ascending current rises from 
the heated body through the beam, and the action 
of the air upon' the light is such as to fender the 
wreathing and waving of the current strikingly visible ■ 
upon the screen. When the air is hot enough, and there- 
fore light eiftmgh, if entrapped in a paper bag it carries- 
the bag upwards, and you have the Fire-balloon. 

67. Fold two sheets of paper into two cones and 
suspend them with their closed points upwards from 
the end of a delicate balance. See that the cones 
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balance each other. Then place for a laoiient the 
flame of a spirit-lamp beneath the open base of one of 
them ; the hot air ascends from the lamp and instantly 
tosses upwards the cone above it. 

68. Into an inverted glass shade introduce a little 
smoke. Let the air come to rest, and then simply 
jdace your hand at the open mouth of the shade. 
Mimic hurricanes are ]>roduced by the air warmed by 
the hand, which are strikingly visible when the smok^ 
is illuminated by a strong light. 

69. The heating of the tropical air by the sun is 
indirect. The solar beams have scarcely any po>fer to 
heat the air through which they pass j but they heat 
the land and ocean, and these communicate their heat 
to the air in contact witlx them. The air and mpour 
start upwards charged with the heat thus communi- 
cated. 


§ 7. Tropical Rains. 

70. But long before the air and vapour from the 
equator reach the poles, precipitation occurs. Wherever 
a humid warm wind mixes with a cold dry one, rain 
falls. Indeed the heaviest rains occur at those places 
where the sun is vertically overhead. must enquire 
a little more closely into their origin. 

71. Fill a bladder about two-thirds full of air at the 
sea level, and take it to the summit of Mont Blanc. As 
you ascend, the bladder becomes more and more dis^ 
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tended ; at the top of,tlie mountain it is fully distended, 
and has evidently to bear a pressure from within. 
Returning to the sea level you find that the tighthess 
disappears, the bladder fibually appearing as flaccid as 
at first. 

72. The reason is plain. At the sea level the air 
within the bladder has to bear the pressure of the 
whole atmosphere, being thereby squeezed into a com- 
#paratively small volume. In ascending the mountain, 
you leave more and more of the atmosphere behind ; 
the pressure becomes less and less, and by its expansive 
force* the air within the bladder swells as the outside 
pressure is diminished. At the top of the mountain 
the expansion is quite sufiicient to render the bladder 
tight^ the 'pressure within being then actually greater 
than the pressure without. By means of an air-pump 
we can show the expansion of a balloon partly filled 
with air, when the external pressure has been in part 
removed. 

73. But why do I dwell upon this ? Simply to make 
plain to yftu that the uncovfined air, heated at the earth’s 
surface, and ascending by its lightness, must expand 
more and more the higher it rises in the atmosphere. 

74. And now I have to introduce to you a new fact, 
towards the statement of which I have been working 
for some time. It is this : — The ascending air is chilled 
hy its expansion. Indeed this chilling is one source of 
the cSldness of the higher atmospheric regions. And 
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now fix your eye ui)on those mixed currents air and 
aqueous vapour which rise from the warm tropical ocean. 
They start with plenty of heat to preserve the vapour 
as vapour; but as they rise they come into regions 
already chilled, and they are still further chilled by 
their own expansion. The consequence might be fore- 
seen. The load of vapour is in great part precipitated, 
dense clouds are formed, their particles coalesce to 
rain-drops, which descend daily in gushes so profits^ 
that the word '' torrential ’ is used to express the 
copiousness of the rain-fall. I could show you this 
chilling by expansion, and also the consequent precipi- 
tation of clouds. 

75. Thus long before the air from the equator reaches 
the poles its vapour is in great part removed f»om it, 
having redesconded to the earth as rain. Still a good 
quantity of the vapour is carried forward, which yields 
hail, rain, and sxSm in northern and southern lands. 

Illustrative Experiments. 

76. I’have said that the air is chilled during its ex- 
pansion. Pi'ove this, if you like, thus. With a con- 
densing syringe, you can force air into an iron box 
furnished with a stopcock, to which 1;he syringe is 
screwed. Do so till the density of the air within the 
box is doubled or trebled. Immediately after this con- 
densation, both the box and the air within it are warm, 
and can be proved to be so b^ a proper thermometer. 
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Simply tuifn the cock e and allow the com])ressed air to 
stream into the atmosphere. The current, if allowed to 
strike a thermometer, visibly chills it ; and with other 
instruments the chill may be made more evident still. 
Even the hand feels the chill of the expanding air. 

77. Throw a strong light, a concentrated sunbeam for 

r 

example, across the issuing current ; if the compressed 
air be ordinary humid air, you see the precipitation of a 
ifttle cloud by the chill accompanying the expansion. 
This cloud-formation may, however, be better illustrated 
in the following way : — 

78. “In a darkened room send a strong beam of light 
through a glass tube three feet long and three inches 
wide, stopped at its ends by glass plates. Connect the 
tube by means of a stopcock with a vessel of about one- 
fourth its capacity, from which the air has been re- 
moved by an air-pump. The exhausted cylinder of the 
pump itself will answer capitally. Eill the glass tube 
with humid air; then simply turn on the stopcock 
which connects it with the exhausted vessel. Having 
more room the air expands, cold accompanies the ex- 
pansion, and, as a consequence, a dense and brilliant 
cloud immediately fills the tube. If the experiment be 
made for yoursblf alone you may see the Cloud in ordi- 
nary daylight; indeed, the brisk exhaustion of any 
receiver filled with humid air is known to produce this 
condensation. 

79. Other vapours than that of water may be thus 
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precipitated, some of them yielding clondji of intense 
brilliancy, and displaying iridescences, such as are some- 
times, but not frequently, seen in the clouds floating 
over the Alps. 

80. In science what is true for the small is true for 
the large. Thus by combining the conditions observed 
on a large scale in natxire we obtain on a small scale the 
phenomena of atmospheric clouds. 

§ 8. Mountain Condensers. 

81. To complete our view of the process of atmo- 
sphei’ic precipitation we must take into account the 
action of mountains. Imagine a south-west wind 
blowing across the Atlantic towards Ireland. In its 
j)assage it charges itself with aqueous vapour. • In the 
south of Ireland it encounters the mountains of Kerry : 
the highest of t^ese is Magillicuddy’s Reeks, ' near 
Killamey. Now the lowest stratum of this Atlantic 
wind is that which is most fully charged with vapour. 
When it encounters the base of the Kerry mountains 
it is tilted up and flows bodily over them. Its load of 
vapour is therefore carried to a height, it expands on 
reaching the height, it is chilled in consequence of the 
expansion, and comes down in copious*showers of rain. 
From this, in fact, arises the luxuriant vegetation of 
Killarney; to this, indeed, the lakes owe their water 
supply. The cold ci-ests of the mountains also aid in 
the work of condensation. 
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82. Noteitlie consequence. There is a town called 
Cahirciveen to the south-west of Magillicuddy’s Reeks, 
at which, observations of the rainfall have been made, 
and a good distance farther to the north-east, right in 
the course of the south-west wind, there is another town, 
called Portarlington, at which observations of rainfall 
have also been made. But before the wind reaches the 
latter station it has passed over the mountains of Kerry 
and left a great portion of its moisture behind it. 
What is the result? At Cahirciveen, as shown by 
Dr. Lloyd, the rainfall amounts to 59 inches in a year, 
while at Portarlington it is only 21 inches. 

83. Again, you may sometimes descend from the 
Alps when the fall of rain and snow is heavy and in- 
cessant,*- into Italy, and find the' sky over the plains of 
Lombardy blue and cloudless, the wind at the same 
time blowing over the plain toward^ the Alps. Below 
the wind is hot enough to keep its vapour in a perfectly 
transparent state ; but it meets the mountains, is tilted 
up, expanded, and chilled. The cold of the higher 
summits also helps the chill. The consequence is that 
the vapour is precipitated as rain or snow, thus producing 
bad weather upon thb heights, while the plains below, 
flooded with thd same air, enjoy the aspect of the un- 
clouded summer sun. Clouds bio win g/rom the Alps are 
also sometimes dissolved over the plains of Lombardy. 

84. In copnection with the formation of clouds by 
mountains, one particularly instructive effect may be 
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here noticed. Ton frequently ^ee a streai|Ler of cloud 
many hundred yards in length drawn out from an 
Alpine peak. Its steadiness appears perfect, though a 
strong wind may be blowing at the same time over the 
mountain head. Why is the cloud not blown away? 
It is blown away ; its permanence is only apparent. At 
one end it is incessantly dissolved, at the* other end it 
is incessantly renewed : supply and consumption being 
thus equalized, the cloud appears as changeless as Ihe 
mountain to which it seems to cling. When the red 
sun of the evening shines upon these cloud-streamers 
they resemble vast torches with their flame* blown 
through the air. 

§ 9. Ar<Jiitecture of Snow. 

85. We now resemble persons who have climbed a 
difficult peak, and thereby earned the enjoyment of a 
wide prospect. •leaving made ourselves masters of the 
conditions necessaiy to the production of mountain 
snow, we are able to take a comprehensive and intelli- 
gent view of the phenomena of glaciers. 

86. A few words are still necessary as to the forma- 
tion of snow. The molecules and atoms of all sub- 
stances, when allowed free play, build* themselves into 
definite and, for the most part, beautiful forms called 
crystals. Iron, copper, gold, silver, lead, sulphur, when 
melted and permitted to cool gradually, all show this 
crystallizing power. The metal bismuth shows it in a 
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pariicularly*striking and when properly fused 

and solidified, self>built crystals of great size and beauty 
are formed of this metal. 

87,. If you dissolve saltpetre in water, and allow the 
solution to evaporate slowly, you may obtain large 
crystals, for no portion of the salt is converted into 
vapour. The water of our atmosphere is fresh though it 
is derived from the salt sea. Sugar dissolved in water, 
aifd permitted to evaporate, yields crystals of sugar- 
candy. Alum readily crj'stallizes in the same way. 
Elints dissolved, as they sometimes are in nature, and 
permitted to crystallize, yield the prisms and pyramids 
of rock crystal. Chalk dissolved and crystallized yields 
Icelai^ spar. The diamond is crystallized carbon. All 
our previous stones, the ruby,® sapphire, beryl, topaz, 
emerald, are all. examples of this crystallizing power. 

88. You have heard of the force of gravitation, and 
you know that it consists of an atti'action of every 
particle of matter for every other particle. You know 
that planets and moons are held in their orbits by this 
attraction. ' But gravitation is a very simple affair com- 
pared to the force, or rather forces, of crystallization. 
For here the ultimate particles of matter, inconceivably 
small as they aite, show themselves possessed of attrac- 
tive and repellent poles, )3y the mutual action of which 
the shape and structure of the crystal are determined. 
In the solid condition the attracting poles are rigidly 
locked together; but if sufficient heat be applied the 
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bond of union is dissolved, anditi the state of fusion the 
poles are pushed so far asunder as to be practically out of 
each other’s range. The natural tendency of the mole- 
cules to build themselves together is thus neutralized. 

89. This is the case with water, which as a liquid is 
to all appearance formless. When suflBciently cooled 
the molecules are brought within the plfl-y of the 
crystallizing force, and they then arrange themselves in 
forms of indescribable beauty. When snow is produced* 
in calm air, the icy particles build themselves into 
beautiful stellar shapes, each star possessing six rays. 
There is no deviation from this type, though in ^ther 
respects the appearances of the snow-stars are infinitely 
various. In the polar regions these exquisite forms 
were observed by Dr. Sooresby, who gave Numerous 
drawings of them. I have observed them in mid- win ter 
filling the air, and loading the sloi)es of the Alps. But 
in England they aife . also to be seen, and no words of 
mine could convey so vivid an impression of their 
beauty as the annexed drawings of a few of them, 
executed at Greenwich by Mr. Glaisher. 

90. It is worth pausing to think what wonderful 
work is going on in the atmosphere during the forma- 
tion and descent of every snow-shower : what building 
power is brought into play ! and how imperfect seem 
the productions of human minds and hands when com- 
pared with those formed by the blind forces of nature ! 

91. But who ventures to call the forces of nature 
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blind ? In reality, wheft we speak thus we are describing 
OUT own condition. The blindness is ours ; and what 
we really ought to say, and to confess, is that oilr powers 
are absolutely unable to comprehend either the origin 
or the end of the operations of nature. 

92. But while we thus acknowledge our limits, there 
is also readon for wonder at the extent to which science 
has mastered the system of nature. From age to age, 
Sand from generation to generation, fact has been added 
to fact, and law to law, the true method and order of 
the Universe being thereby more and more revealed. 
In doing this science has encountered and overthrown 
various forms of superstition and deceit, of credulity 
and imposture. But the world continually produces 
weak^perSbns and wicked pereons ; and as long as they 
continue to exist side by side, as they do in this our 
day, very debasing beliefs will also continue to infest 
the world. 


§ 10. Atomic Poleg. 

93. ‘What did I mean when, a few moments ago 
(88), I spoke of attracting and repellent poles 9 * Let 
me try to answer this question. You know that astro- 
nnmera and geographers speak of the earth’s poles, and 
you have also heard of magnetic poles, the poles of a 
magnet being the points at which the attraction and 
repulsion of the magnet are as it were concentrated. 

94, Bveiy magnet possesses two such poles j and if 
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iron filings be scattered over a magnet, each particle 
becomes also endowed with two poles. Suppose such 
particles devoid of weight and floating in our atmosj)here, 
•what must occur when they come near each other ? 
Manifestly the repellent poles will retreat from each 
other, while the attractive ix>les will approach and 
finally lock themselves tc^ther. And sxipposing the 
particles, instead of a single pair, to possess several pairs 
of jJoles arranged at definite points over their surfaces ; 
you can then picture them, in obedience to their mutual 
attractions and repulsions, building themselves together 
to form masses of definite shape and structure. 

95. Imagine the molecules of water in calm cold air to 
be gifted with pedes of this description, which compel the 
particles to lay themselves together in a definite order, 
and you have before your mind’s eye the unseen archi- 
tecture which finally produces the visible and beautiful 
crystals ol’ the snow. Thus our first notions and con- 
ceptions of poles are obtained from the sight of our 
eyes in looking at the effects of magnetism j and wo 
then transfer these notions and conceptions to particles 
which no eye has ever seen. The power by which we 
thus picture to ourselves effects beybnd the range of the 
senses is Avhat philosophers call the Imagination, and 
in ^.he effort of the mind to seize upon the unseen 
architecture, of crystals, we have an example of the 
* scientific use ’ of this faculty. Without imagination 
we might have critical power, hut not creative power in 
science. 
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§ 11, Architecture of Lake Ice. 

96. We have thus made ourselves acquainted with 
the beautiful snow-flowers self-constructed by the 
molecules of water in calm cold air. Do the mole- 
cules show this architectural 2>ower when ordinary 
water is frozen ? What, for example, is the structure 
of the ice over which we skate in winter ? Quite as 
wonderful as the flowers of the snow. The observation 
is, rare, if not new, but I have seen in water slowly 
freezing six-rayed icc-stars form'ed, and floating Tree 
on the surface. A six-rayed star, moreover, is typical 
of the construction of all our lake ice. It is built up 
of such forms wondei’fully fnterlaced. 

97. Take a slab of lake ice and place it in the path 
of a concentrated sunbeam. Watch the track of the. 
beam through the tee. Part of the beam is stopped, 
part of it goes through ; the former produces internal 
liquefaction, the latter has no effect whatever ujwn the 
ice. But the liquefaction is not uniformly cliffused. 
From sei)arate spots of the ice little shining points are 
seen to sjjarkle forth. Every one of those points is sur- 
rounded by a beautiful liquid flower with Six petals. 

98. Ice and water are so optically alike that unless 
the light fall properly upon these flowers you cannot 
see them. But what is the central spot ? A vacuum. 
Ice swims on water because, bulk for bulk, it is lighter 
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than water ; bo that* when ice is melted it shrinks in 
size. Can the liquid flowers then occupy the whole 
iq>ace of the ice melted? Plainly no. A little . empty 
space ts formed with the flowers, and this space, or 
rather its surface, shines in the sun with the lustre of 
burnished silver. 

r 

99. In all cases the flowers are formed parallel to 
the surface of freezing. They are formed when the 

’ sun shines upon the ice of every lake ; sometimes in 
myriads, and so small as to require a magnifying glass 
to see them. They are always attainable, bat- their 
beaflty is often marred by internal defects of the ice. 
Even one portion of the same piece of ice may show 
them exquisitely, while a second poirtion shows them 
imperfectly. 

100. Annexed is a very imperfect sketch of these 

beautiful figures. ,, 

101. Here we have a reversal ' of the process of 
crystallization. The searching solar beam is delicate 
enough to take the molecules down without deranging 
the order of their architecture. Try the experiment for 
yourself with a pocket-lens on a sunny day. You will 
not find the flowers confused ; they all lie parallel to 
the surface bf freezing. In this exquisite way every 
bit of the ice over which our skaters glide in winter is 
put together. 

102. 1 said in (97) that a portion of the sunbeam was 
stopped by the ice and liquefied it. What is this 
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portion 9 The dark heat of the svn. The gikiat body 
of the light waves and even a portion of the dark ones. 
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pass through the ice without losing any of thejjr heating 
power. When properly concentrated on combustible 
bodies, even after having passed through the ice, their 
burning power becomes manifest. 

103. And the ice itself may be employed to con- 
centrate them. With an ice-lens in the polar regions 
Dr. Scoresby has often concentrated the sun*| rays so 
as to make them bum wood, fire gunpowder, and melt 
lead ; thus proving that the heating power is retained 
by the rays, even after they have passed through so cold 
a substance. 

104. By rendering the rays of the electric lamp 
parallel, and then sending them through a lens of ice, 
we obtain all the effects which Dr. Scoresby obtained 
with the rays of the sun. 
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§ 12. The Source of the Arveiron. Ice Pinnacles, Towers, 
wnd Chasms of the Glacier des Bois. Passage 
to the Monianveri. 

105. Our preparatory studies are for the present 
'ended, an<i thus informed, let us approach the Alps, 
Through the village of Ohamouni, in Savoy, a river 

'rushes which is called -the Arve. Let us trace this 
river backwards from Chamoiini. At a little distance 
from the village the river forks ; one of its branches still 
continues to be called the Arve, the other is the Arvei- 
ron. Following this latter we come to what is called 
the ‘ source of the Arveiron ’ — a short hour’s walk from 
Ohamouni . Here, as in the base of the Rhone already 
referred to, you are fronted by a huge mass of ice,, the 
end of a glacier, and from an arch in the ice the Ar- 
veiron issues. Do not trust the arch in summer. Its 
roof falls at intervals with a startling crash, and would 
infallibly crush any person on whom it might fall. 

106. We must now be observant. Looking about us 
here, we find in front of the ice curious heaps and ridges 
of d4bris, which are more or less concentric. These are 
the terminal moraines of the glacier. We shall examine 
them subsequently. 

107. We now turn to the left, and ascend the slope 
beside the glacier. As we ascend we get a better view, 
and find that the ice here fills a narrow valley. We 
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<*oine upon another singular ri<fge;, not of fre^ debris, 
like those lower down, but covered in part with trees, 
and appearing to be literally as ‘ old as the hills.’ It 
tells a wimderful tale. We soon satisfy ourselves that 
the ridge is an ancient moraine, and at once conclude 
that the glacier, at some former period of its existence. 
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was vastly larger than it* is now.* This old moraine 
stretches right across the main valley, anS abuts against 
the mountains at the opposite side. 

108. Having passed the terminal portion of the 
glacier, which is covered with stones and rubbish, we 
find ourselves beside a very wonderful exhibition of ice. 
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The gla^er descend^ a* steep goi^e, and in doing so is 
riven and broken in the most extraordinary manner. 
Here are towers, and pinnacles, and fantastic shapes 
wrought out by the action of the weather, which put 
one in mind of rude sculpture. Annexed is a sketch 
of an ice-pinnacle. , From deep chasms in the glacier 





issues a delicate shimmer of blue light. At times we 
hear a sound like thunder, which arises either from 
the falling of a tower of ice, or from the tumble of a 
huge stone into a chasm. The glacier maintains this 
wild and chaotic character for some time ; and the best 
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iceman would find himself defea^ in any i^^tempt to 
get along it. 

109. We reach a place called the Chapeau, where, if 
we wish, we can have refreshment in a little mountain 
hut. We then pass the Mauvais Pas, a precipitous 
rock, on the face of which steps are hewn, and the un- 
practised traveller is assisted by a rope. *We pursue 
our journey, partly along the mountain side, and partly 
along a ridge of singularly ajrtidcial aspect— a laterat 
moraine. We at length face a house perched upon an 
eminence at the opposite side of the glacierl This is 
the auberge of the Montanvert, well known -bo all 
visitors to this portion of the Alps. 

110. Here we cross the glacier. I should have told 
you that its lower part, including the brokSn portion 
we have passed, is called the Glacier des Bpis ; while 
the place that we are now about to cross is the be- 
ginning of the Mer fte Glace. You feel that this term 
is not quite appropriate, for the glacier here is much 
more like a river of ice than a sea. The valley which 
it fills is about half a mile wide. 

111. The ice may be riven where we enter upon* it, 
but with the necessary care there is no difficulty in 
crossing this portion of the Mer de Glaoe. The clefts 
and chasms in the ice are called crevasses', we shall 
make their acquaintance on a grander scale by and by. 

< 112. Look up and down this side of the glacier. It 
is considerably riven, but as we advance the crevasses 




UKR DS OLACOE, fHOWlNO »ONT TACITL AlO) THE GRAtfDH JOBASSE, WITH O0JEt CLEFT ABOYE TBl^LAPOBTB TO THE RIGHT. 


THE FORMS OF WATER IN CLOUDS, RIVERS, ^TC. 48 

• • 

wm diminish, and we shall fin^ very few ofvthem at 
the other side. Note this for future use. The ice is at 
first dirty ; but the dirt soon disappears^ and you come 
upon the clean crisp surface of the glacier. You have 
already noticed that the clean ice is white, and that 
from a distance it resembles snow rather than ice. This 
is caused by the breaking up of the surface by tlie 
solar heat. When you pound transparent rock-salt 
mto powder it is as white as table-salt, and it is the 
minute fissuring of the surface of the glacier by the 
sun’s rays that causes it to appear white. Within the 
glacier the ice is transparent. After an exhilartfting 
passage we get upon tlie opposite lateral .moraine, and 
ascend the steep slope from it to the Montanvert Inn. 

\ 

§ 13. The Mer de Olace and its Sources. Our First 
Clinj^fto the Cleft Station. 

113. Here the view before us is very grand. We 
look across the glacier at the beautiful pyramid of the 
Aiguille du Dm (shown in our frontispiece) ; and to the 
right at the Aiguille des Charmoz, with its sharp pin- 
nacles bent as if they were ductile. Looking straight 
up the glacier the view is bounded by thb great crests 
called La Grande Jorasse, nearly 14,000 feet high.» 
Our object now is to get into the very heart of the 
mountains, and to pursue to its origin the wonderful 
frozen river which we have just crossed. 
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114. starting froiB ttie Montan vert with the gladlei^ 
below us to our left, we soon reach some rocks resem- 
bling the Mauv 9 .is Pas ; they are called l&t Ponta. We 
cross them and reach V Angle, where we quit the land for 
■Ikhe ice. We walk up the glacier, but before reaching 
the promontory called Tr41aporte, we take once more to 
the mountain side ; for though the path here has been 
forsaken on account of its danger, for the sake of know- 
ledge we are prepared t# incur danger to a reasonable 
extent. A little glacier reposes on the slope to our 
right. We may see a huge boulder or two poised on 
the dnd of the glacier, and, if fortunate, also se§ the 
boulder liberated and plunging violently down the slope. 
Presence of mind is all that is necessary to render our 
safety certain ; but travellers do not always show pre- 
sence of mind, and hence the path which formerly led 
over this slope has been forsakenj^^ The whole slope is 
cumbered by masses of rock which tlRs little glacier has 
sent down. These I wished you to see ; by and by 
they shall be fully accounted for. 

115. jfbove Tr^porte to the right you see a most 
singular cleft in the rocks, in the middle of which 
stands an isolated pillar, hewn out by the weather. 
Our next object is to get to the tower of rock to the left 
of that cleft, for from that position we shall gain a 
most commanding and instructive view of the Mer de 
Glace and its sources. 

116. The cleft referred to, with its pillar, may be 
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se^ to the right of the preceding .engraving o41he Mer 
de Glace. Below the cleft is also seen the little glacier 
jttst referred to. 

117. We may reach this cleft by a steep gully, visible 
from our present position, and leading directly up 
to the cleft. But these gullies, or couloirs, are very 
dangerous, being the pathways of stones filing from 
the heights. We will therefore take the rocks to the 
left of the gully, by close inspection ascertain their as- 
sailable points, and there attack them. In the Alps 
as elsewhere wonderful things may be done by looking 
steadfastly at difficulties, and testing them whefever 
they 'appear assailable. We thus reach our station, 
where the glory of the prospect, arid the insight that 
we gain as to the formation of the Mer de tllace, far 
more than repay us for the labour of our ascent. 

118. For we see the glacier below us, stretching its 
frozen tongue dowflwards past the Montanvert. And 
we now find this single glacier branching out into three 
others, some of them wider than itself. Regard the 
branch to the right, the Glacier du G4ant. It stretches 
smoothly up for a long distance, then becomes disturbed, 
and then changes to a great frozen cascade, down which 
the ice appears to tumble in wild confusion. Above 
the cascade you see an expanse of shining snow, oc- 
cupying an area of some square miles. 
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Ice-cdscade and Snows of the Col du OSant, 


19. Instead of climbing to the height where we now 
^tand, we might have continued our walk upon the Mer 
de Glace, turned round the promontory of Trelaporte, 
and walked right up the Glacier du G^ant. We should 
have found ice under our feet up to the bottom of the 
^ cascade. It is not so compact as the ice lower down, 
but you would not think of refusing to call it ice. 

120. As v\re approach the fall, the smooth and un- 
broken character of the glacier changes more and more. 
We encounter transverse ridges succeeding each other 
with augmenting steepness. The ice becomes more 
and morrf fissured and confused. We wind through 
tortuous ravines, climb huge ice-mounds, and creep 
cautiously along crumbling crests, with crevasses right 
and left. The confusion increases until farther advance 
along the centre of the glacier is impossible. 

121. But with the aid of an axe to cut steps in the 
steeper ifce-walls and slopes we might, by swerving to 
either side of the glacier, work our way to the top of 
the cascade. If we ascended to the right, we should 
have to take eare of*the ice avalanches which sometimes 
thunder down the slopes ; if to the left, we should have 
to take care of the stones let loose from the Aiguille 
Noire. After we had cleared the cascade, we should 
have to beware for a time of the crevasses, which for 



CLOUDS AND RIVERS, ICE AND GLAMERS, 47 

• » 

some distance above the fall yawn terribly. But by 
caution we could get round them, and sometimes cross 
them by bridges of snow. Here the skill and know- 
ledge to be acquired only by long practice come into 
play j and here also the use of • the Alpine rope sug- 
gests itself. For not only are the snow bridges often 
frail, but whole crevasses are sometimes covered, the 
unhappy traveller being first made aware of their existr^ 
ence by the snow breaking un(Jer his feet. Many lives 
have thus been lost, and some quite recently. 

122. Once upon the plateau above the ice-fall we 

find the surface totally changed. Below the fafl we 
walked upon ice ; here we are upon snow. After a 
gentle but long ascent we reach a depression of the 
ridge which bounds the snow-field at the top, and now 
look over Italy. We stand upon the famous Col du 
G^nt. ' 

123. They were no idle scamperers on the mountains 
that made these wild recesses first known ; it was not 
the desire for health which now brings som^ or the 
desire for grandeur and beauty which brings others, or 
the wish to be able to say that they have climbed a 
mountain or crossed a col, which I fear brings a good 
many more ; it was a desire for knowledge' that brought 
the fi.r8t explorers here, and on this col the celebrated 
De Saussure lived for seventeen days, making scientific 
observations. 
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§ 15. Questioning the Glaciers. 

124. I would now ask you to consider for a moment 
the facts which such an excursion places in our posses- 
sion. The snow through which we have in idea trudged 
is the snow of last winter and spring. Had we placed 
last August a proper mark upon the surface of the 
snow, we should find it this August at a certain depth 
* beneath the surface. A good deal has been melted 
by the summer sun, but a good deal of it remains, and 
it will continue until the snows of the coming winter 
fall find cover it. This again will be in part preserved 
till next August, a good deal of it remaining until it is 
covered by the snow of the subsequent winter. We thus 
arrive at* the certain concllision that on the plateau 
of the Col du G4ant the quantity of snow that falls 
annmdly exceeds the quantity melted. 

126. Had we come in the month bf April or May, we 
should have found the glacier below the ice-fall also 
covered with snow, which is now entirely cleared away 
by the fieat of summer. Nay, more, the ice there is 
obviously melting, forming running brooks which cut 
channels in the ice, and expand here and there into 
small blue-green lakes. Hence you conclude with 
certainty that below the ice-fall the quantity of frozen 
material falling upon the glacier is less than the quantity 
melted^ 

126. And this forces upon us another conclusion: 
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between the glaeier below the ice-falL and the plateau 
above it there must exist a line where the quantity of 
snow which falls is exactly equal to the quantity annually 
melted. This is the snow-lmie. On some glaciers it is 
quite distinct, and it would be distinct here were the 
ice less broken and confused than it actually is. 

^ 127. The French term nev4 is applied to the glacial 
region above the snow-line, while the word glaci&r is 
restricted to the ice below it. Thus the snows of the 
Col du G4ant constitute the n6v6 of the Glacier du 
G4ant, and in part, the nev4 of the Her de Glace. 

128. But if every year thus leaves a residue of snbw 
upon the plateau of the Col du G4ant, it necessarily fol- 
lows that the plateau must get annually higher, pro* 
vided the snow remain upon' it. Equally certain is the 
conclusion that the whole length of the glacier below 
the cascade must sink gradually lower, if the waste of 
annual melting he not%%ade good. Supposing two feet of 
snow a year to remain upon the Col, this would raise 
it to a height far surpassing that of Mont Blanc in 
five thousand years. Such accumulation must take place 
if the snow remain upon the Col ; but the accumulation 
does not take place, hence the snow does not remain 
on the Col. The question then is, whither does it go P 
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§ 16. Branches and Medial Moraines of the Mer de Qlace 
from the Cleft Station. 

129. We shall grapple with this question immediatelj. 
Meanwhile look at that ice-valley in front of us, stretch- 
ing up between Mont Tacul apd the Aiguille de JL^chaud, 
to the base of the great ridge called the Grande Jorasse. 
This is called the Glacier de Lechaud. It receives at 
its head the snows of the Joras^ and of Mont Mallet, 
and joins the Glacier du G4ant at the promontory of 
the Tacul. The glaciers seem welded together wh^re 
they join, but they continue distinct. Between them 
you clearly trace a stripe of debris (c on the annexed 
sketch-plan) ; you trace a similar though smaller stripe' 
(a on the sketch), from the junction of the Glacier 
du G4ant with the Glacier des F^riades at the foot of 
the Aiguille Noire, which you also follow along the Mer 
de Glace. • 

130. We also see another glacier, or a portion of it, 
to the left, falling apparently in broken fx^ments 
through a narrow gorge (Cascade du Tal^&e on the 
sketch) and joiping the L4chaud, and from their point 
of junction also a stripe of d4bris (d) runs downwards 
along the Mer de Glace. Beyond this again we notice 
another stripe (e), which seems to begin at the bottom 
of the ioe-fall, rising as it were from the body of the 
glacier. Beyond all of these we can notice the lateral 
moraine of the Mer de Glace. 
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131 /'These stripes are the medial morainee of the 
Mer de Glace. We shall learn more about them im- 
mediately. 

132. And now, having informed our minds by these 
o^bservations, let our eyes wander over the whole glo- 
rious sc^e, the splintered peaks and the hacked and 
jagged crests, the far-stretching snow- fields, the smaller 
glaciers which nestle on the heights, the deep blue 
heaven and the sailing clouds. Is it not worth some 
labour to gain command of such a scene P But the 
delight it imparts is heightened by the fact that we 
did not come expressly to see it ; we came to instruct 
ourselves about the glacier, and this high enjoyment is 
•an incident of our labour. You will find it thus 
through life; without honest labour there can be no 
deep joy. 

§ 17. The Talefre and the Jar^w. Work among the 

Crevasses, 

133. And now let us descend to the Mer de Glace, 
for I want to take you across the glacier to that broken 
ice-fall the origin of which we have not yet seen. We 
aim at the farther side of the glacier, and to reach it 
we must cross those dark stripes of debris which we 
observed from the heights. Looked at from above, these 
moraines seemed flat, but now we find them to be 
ridges of stones and rubbish, &om twenty to thirty feet 
high. 
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184. We quit the ice, at a plac*e qalled the Coi^verole, 
and wind round this promontory, ascending all the 
time. We squeeze ourselves through the JEgraleUy a 
kind of natural staircase in the rock, and soon afterwards 
obtain a full view of the ice-faU, the origin of which 
we wish to find. The ice upon the fall is much broken; 
we have pinnacles and towers, some erect, sdme lean- 
ing, and some, if we are fortunate, falling like those 
upon the Glacier des Bois ; and* we have chasms from 
which issues a delicate blue light. With the ice-fall to 
our right we continue to ascend, until at length we 
command a view of a huge glacier basin, almost lefl^el, 
and on the middle of which stands a solitary island, 
entirely surrounded by ice. We stand at the edge of 
the Glacier du TalefrCy and connect it with thfe ice-fall 
we have passed. The glacier is bounded by rocky 
ridges, hacked and torn at the top into teeth and edges, 
and buttressed by sitow fluted by the descending stones. 

135. We cross the basin to the central island, and 
find grass and flowers at the place where we enter upon 
it. This is the celebrated Jardin, of which y¥)u have 
often heard. The upper part of the Jardin is bare rock. 
Close at hand is one of the noblest peaks in this portion 
of the Alps, the Aiguille Verte. It is between thirteen 
and fourteen thousand feet high, and down its sides, 
afiter freshly-fallen snow, avalanches incessantly thunder. 
From one of its projections a streak of moraine starts 
down the Taldfre ; &om the Jardin also> a similar streak 



$4 THE FOEMS OF WATER IN 

of tnoreiine issues.* ^ !l^th contmue side by side to the 
top of the ice-falb where they are engulphed in the 
chasms. But at the bottom of the fall they reappear, 
as if newly emerging from the body of the Racier, and 
afterwards they continue along the Mer de Glace. 

136. Walk with me now alongside the moraine from 
the Jardm down towards the ice-faU. For a time our 
work is easy, such fissures as appear offering no impe- 
diment to our march. But the crevasses become 
gradually wider and wilder, following each other at 
length so rapidly as to leave merely walls of ice between 
th6m. Here perfect steadiness of foot is necessary-— a 
slip wotild be death. We look towards the fall, and 
observe the confusion of walls and blocks and chasms 
below u^ increasing. At length prudence and reason 
cry ‘ Halt ! * We may swerve to the right or to the 
left, and making our way along crests of ice, with 
chasms on both hands, reach either the right later^ 
moraine or the left lateral moraine of the glacier. 

§ 18. IHrat Questions regarding Glacier Motion. Drift- 
ing of Bodies buried in a Crevasse. 

137. But what are these lateral moraines 9 As you 
and I go from day to day along the glaciers, their 
origin is gradually made plain. We see at intervalB 
the stones and rubbish descending from the mountain 
sides and arrested by the ice. All along the fringe of 
the glacier the stones and rubbish fall, and it soon 
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liecoiues evident that we have ller^the source^ of the 
lateral moraines. 

138. Bat how are the medial moraines to he ac- 
counted for P How does the debris range itself upon the 
glacier in stripes some hundreds of yards from its edge, 
leaving the space between them and the edge clear of 
rubbish P Some have supposed the stones to have rolled 
over the glacier from the sides, but the supposition will 
not bear examination. Call to yiind now our reasoning 
regarding the excess of snow which falls above the 
snow-line, and our subsequent question, How is the 
snow disposed of. Can it be that the entire mas» is 
moving slowly downwards ? If so, the lateral moraines 
would be carried along by the ice on which they rest, 
and when two branch glaciers unite they WDuld lay 
their adjacent lateral moraines together to form a medial 
moraine upon the trunk glacier. 

139. There is, in feet, no way that we can see of dis- 
posing of the excess of snow above the snow-line ; there 
is no way of making good the constant waste of the 
ice below the snow-line ; there is no way of accounting 
for the medial moraines of the glacier, but by supposing 
that from the highest snow-fields of the Col du Gfent, 
the L4ohaud, and the Taldfre, to the extreme end of the 
Glacier des Bois, the whole mass of frozen matter is 
moving downwards. 

140. If you were older, it would give me pleasure to 
take you up Mont Blanc. Starting from Chamouni, we 
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should pass tbroa^ vroods aud pastures, then np 
the steep luU-face with the Glacier des Bossons to onr 
right, to a rock known as the Pierre Pointue ; thence 
to a higher rock called the Pierre VEchelle, because here 
a ladder is usually placed to assist in crossing the 
chasms of the glacier. At the Pierre PBchelle we* 
should stifike the ice, and parsing under the Aiguille du 
Midi, which towers to the left, and which sometimes 
sweeps a portion of the ^jrack with stone avalanches, we 
should cross the Glacier des Bossons ; amid heaped-up 
mounds and broken towers of ice ; up steep slopes ; over 
chaoms so deep that their bottoms are hid in darkness. 

141. We reach the rocks of the Grands Mulets, which 
form a, kind of barren islet in the icy sea; thence 
to the higher snow-fields, orossing the Petit Platecm, 
which we should find cumbered by blocks of ice. 
Looking to the right, we should see whence they came, 
for rising here with threatening aspect high above us 
are the broken ice-crags * of the D6me du Gofit5. The 
guides wish to pass this place in silence, and it is just 
as well to humour them, however much you may doubt 
the competence of the human voice to bring the ice- 
crags down. Prom the Petit Plateau a steep snow-slope 
would carry us to the Grand Plateau, and at day-dawn 
1 know nothing in the whole Alps more grand and 
solemn than this place. 

* Named firom their resemblance in shape and colour to an inferior 
kind of enrdy dieese called by this name at Ohamonni. 
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142. One object of our ascent V^^tdd be now attained ; 
for here at the head of the Grand Flatean, and at the 
foot of the final slope of Mont Blanc, I should show you 
a great crevasse, into which three guides were poured 
by an avalanche in the year 1820. 

143. Is this language correct*? A crevasse hardly 
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to be distinguished from the present one undoubtedly 
existed here in 1820. But was it the identical crevasse 
now existing ? Is the ice riven here to-day the same 
as that riven fifty-one years ago P By no means. How 
is this proved? By the fact that more than forty yeaxs 
after their interment, Uie remains of those three guides 
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were foq ad neaar the the Glacier des Bossons, manj 

miles below the existing crevasse. 

144. The same observation proves* to demonstration 
tbat it is the ice near the lottom of the higher n4v4 
that becomes the smf ace-ice of the glacier near its end. 
The waste of the surface below the snow-line brings 
the deepef portions of the ice more and more to the 
light of day. 

146. There are nume^us obvious indications of the 
existence of glacier motion, though it is too slow to 
catch the eye at once. The crevasses change within 
certain limits from year to year, and sometimes from 
month to month ; and this could not be if the ice did 
not move. Bocks and stones also are observed, which 
have beed plainly tom from the mountain sides. Blocks 
seen to fall from particular points are afterwards 
observed lower down. On the mo^nes rocks are 
found of a totally different mineratogical character from 
those composing the mountains right and left ; and in 
all such cases strata of the same character are found 
bordering the glacier higher up. Hence the conclusion 
that the foreign boulders have been floated down by 
the ice. Further, the ends or * snouts * of many glaciers 
act like ploughshares on the land in &ont of them, 
overturning with slow but merciless energy huts and 
chdlets that stand in their way. Facts like these 
have been long known to the inhabitants of the High 
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Alps, who were thus made acquajpted in a vs^e and 
general way with the motion of the glaciers. 

§ 19. The Motion of Olaciers. Meamremenh hy ffngi 
<md Agassiz. Drifting of Huts on the Ice* 

146. But the growth of knowledge is from vagueness, 
towards precision, and exact determinations*bf the rate 
of glacier motion were soon desired. With refer- 
ence to such measurements ona glacier in the Bernese 
Oberland will remain for ever memorable. From the 
little town of Meyringen in Switzerland you proceed 
up the valley of Hash, past the celebrated waterfafl of 
Handeck; where the river Aar plunges into a chasm 
more than 200 feet deep. You approach the Grimsel 
Pass, but instead of crossin git you turn to the*rightand 
follow the course of the Aar upwards. Like the Rhone 
and the Arveiron, you find the Aar issuing from a glacier. 
' 147. Get upon •tfie ice, or rather upon the deep 
moraine shingle which covers the ice, and walk upwards. 
It is hard walking, but after some time you get clear 
of the rubbish, and on to a wide glacier witli a great 
medial moraine running along its back. This moraine 
is formed by the junction of two branch glaciers, the 
Lauteraar and the Finsteraar, which unite at a pro- 
montory called the Abschwung to form the trunk 
glacieir of the Unteraar. 

148i On this great medial moraine in 1827 an intrepid 
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and ent^siastic Swjss* professor, Hugi, of Solothumj 
(Fren^ Soleure), bnilt a hut with a view to observa- 
tion's upon the glacier. His hut moved, and he 
laifeasured its motion. In the three years — from 1827 
to 1830 — ^it had moved 330 feet downwards. In 1836 
it had moved 2,354 feet ; and in 1841 M. Agassiz found 
it 4,712 feSt below its first position. 

149. In 1840, M. Agassiz himself and some bold 
companions took shelter* under a great overhanging 
slab of rock on the same moraine, to which they added 
side walls and other means of pn'otection. And because 
he and his comrades came from Neufchatel, the hut 
was called long afterwards the ‘ H6tel des NeuchStelois.* 
Two years subsequent to its erection M. Agassiz fotmd 
that the ‘hotel * had moved 486 feet downwards. 

§ 20. Precise Measurements of Agassiz and Forbes. 

Motion of a Glacier proved to" resemble the Motion, 

of a Rimer. 

160. We now approach an epoch in the scientific 
history Of glaciers. Had the first observers been 
practically acquainted with the instruments of pre- 
cision used in surveying, accurate measurements of the 
motion of glaciers would probably have been earlier 
executed. We are now on the point of seeing such 
instruments introduced almost simultaneously by M. 
Agassiz on the glacier of the Unteraar, and by I^rofessor 
Forbes on the Mer de Glace. Attempts had been made 
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]>j M. Eschar de la Liuth to detejrmine the inotioii of 
a series of wooden stakes driven into the Aletsch 
glacier, but the melting was so rapid that the stakes 
soon fell. To remedy this, M. Agassiz in 1841 under- 
took the great labour of carrying boring tools to his 
‘ hotel,* and piercing the XJnteroar glacier at six different 
places to a depth of ten feet, in a straight *line across 
the glacier. Into the holes six piles were so firmly 
driven that they remained in the glacier for a year, and 
in 1842 the displacements of all six were determined. 
They were found to be 160 feet, 225 feet, 260 feet, 246 
feet, 210 feet, and 125 feet, respectively. 

151. A great step is here gained. You notice that 
the middle numbers are the largest. They correspond 
to the central portion of the glacier. Hence, these 
measurements conclusively establish, not only the fact 
of glacier motion, but that the centre of the glacier, like 
that of a river, moiSks more rapidly than the sides. 

152. With the aid of trained engineers M. Agassiz 
followed up these measurements in subsequent years. 
His researches are recorded in a work entitled * Systdme 
glaciaire,’ which is accompanied by a very noble Atlas 
of the Glacier of the Tlnteraar, published in 1847. 

153. These determinations were made by means of a 
theodolite, of which I will give you some notion im- 
mediately. The same instrument was employed the 
same year by the late Principal Forbes upon the Mer de 
Glace. He established independently the greater central 
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i^otion. ^He showed^^moreover) that it is not necessary, 
to Trait a year, or even a week to determine the motion 
of a glacier;, with a correctly-adjusted theodolite he 
was able to determine' the motion of various points of 
the Mer de Glace from day to day. He affirmed, and 
with truth, that the motion of the glacier might be 
determine(f from hour to hour. We shall prove this 
^farther on (162). Professor Forbes also triangulated 
the Mer de Glace, andrlaid down an excellent map of 
it. His first observations and his survey are recorded 
in a celebrated book published in 1843, and entitled 
* Travels in the Alps.’ 

154. These observations were also followed up in 
subsequent years, the results being recorded in a series 
of detached letters and essays of great interest. These 
were subsequently collected in a volume entitled ‘ Occa- 
sional Papers on the Theory of Glaciers,’ published in 
1859. Tlie labours of Agassiz and Forbes are the two 
chief sources of our knowledge of glacier phenomena. 

§21. The Theodolite and its JJse, Our ovm 
Measureme/fde. 

155. My object thus far is attained. I have given 
yon -proofs of glacier motion, and a historic account of 
its measurement. And now we must try to add a 
little to the knowledge of glaciers by our own labours 
on the ice. Resolution must not be wanting at the 
jComizMmoement of our work, nor steadfast patience 
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during its prosecution. Look then at this throdolite j 
it consists mainly of a- telescope and a graduated circle, 
the telescope capable of motion up and down, and the 
circle, carrying the telescope along with it, capable of 
motion right and left. When desired to make the 
motion exceedingly fine and minute, suitable screws, 
called tai^ent screws, are employed. The instrument 
is supported by three legs, movable, but firm when , 
properly planted. 

156. Two spirit-levels are fixed at right angles to 
each other on the circle just referred to. Practice 
enables one to take hold of the legs of the instrument, 
and so to fix them that the circle shall be nearly 
horizontal. By means of four levelling screws we 
render . it accurately hor&ontal. Exactly under the 
centre of the instrument is a small hook from which a 
plummet is suspen<|ed ; the point of the bob just 
touches a rock on*which we make a mark; or if the 
earth be soft underneath, we drive a stake into it 
exactly under the plummet. By re-suspending the 
plummet at any future time we can fin<^to a hanbreadth 
the position occupied by the instrument to-day. 

157. Look through the telescope; you see it crossed 
by two fibres of the finest spider’s thread. In actual 
work we first direct the telescope across the glacier, 
until the intersection of the two fibres accurately 

" covers some well-defined point of rock or tree at the other 
side of the valley. This, our fixed standard, we sketch 
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with ite*8nrroundings in a note-book, so as to be able 
iinmediatelj to recognise it on our return to this place. 
Imagine a straight line drawn from the centre of the 
telescope to this point, and that this line is permitted 
to drop straight down upon the glacier, every point of 
it falling as a stone would fall; along such a line we 
have now to fix a scries of stakes. 

168. A trained assistant is already upon the glacier. 
He erects his staff and <3tand8 behind it; the telescope 
IS lowered without swerving to the right or to the 
left ; in mathematical language it remains in the same 
veriical “plane. The crossed fibres of the telescope 
probably strike the ice a little away from the staff of 
the assistant ; by a wave of the arm he moves right 
left ; he may move too mrfch, so we wave him back 
again. After a trial or two he knows whether he is 
near the proper point, and if so makes his motions 
small. He soon exactly strikes tlfe point covered by 
the Intersection of the fibres. A signal is made which 
teUs him that he is right ; he pierces the ice with an 
auger and drives in a stake. He then goes forward, and 
in precisely the same manner takes up another point. 
After one or two stakes have been driven in, the 
assistant is able to take up the other points very* 
rapidly. Any requisite number of stakes may thus be 
fixed in a straight line across the glacier. 

169. Next morning we measure the motion of all the 
stakes. The theodolite is mounted in its former posi- 
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tion and carefully levelled. The telescope is directed 
first upon the standard j)oiiit at the opposite side of 
the valley, being moved by a tangent screw until the 
intersection of the spider’s threads accurately covers 
the point. The telescope is then lowered to the 
first stake, beside which our trained assistant is 
already standing. He is provided with a staff witlx 
feet and inches marked on it. A glance shows us 
that the stake has moved dowmi. By our sigxials the 
assistant recovers the point from which we start imI 
yesterday, and then determines the distance from tliis 
point to the stake. It is, say, 6 inches ; throu'gh 
this distance, therefore, the stake has moved. 

160. We are careful to note the hour and minute Jit 
which each stake is driveif in, and the hour and the 
minute when its distance from its first position is 
measured ; this enables us to calculate the accurate 
daily motion of the "^oint in question. The distances 
through which all the other points have moved are 
determined in precisely the same way. 

161. Thus we shall proceed to work, first making 
clear to our minds what is to be done, and then making 
sure tKat it shall be accurately done. To give our work 
reality, I will here record the actual measurements 
executed, and the actual thoughts suggested, on the 
Mer de Glace in 1867. The only unreality that I 
would ask you to allow, is that yoti and I are supposed 
to be making the observations together. The labour 

F 



66 


THE FOBMS OF WATER IN 


1 ^ • 

of mealhring was undertaken for the most part by 
Mr. Hirst. 


§ 22. Motion of the Mer de Olace. 

162. On July 14, then, we find ourselves at the end 
of the Glacier des Bois, not far from the source of the 
Arveiron. Wo direct our telescope across the glacier, 
and fix the intersection of its spider’s threads accu- 
rately upon the edge of«, pinnacle of ice. We leave the 
instrument untouched, looking through it from hour 
to hour. The edge of ice moves slowly, but plainly, 
past the fibres, and at the end of three hours we assure 
ourselves that the motion has amounted to several 
inches. While standing near the vault of the Arveiron, 
and talking about going into it, its roof gives way, and 
falls with the sound of thunder. It is not, therefore, 
without reason that I warned ^ou against entering 
these vaults in summer. 

163. We ascend to the Montan vert Inn, fix on it as 
a residence, and then descend to the lateral moraine of 
the glacier a little below the inn. Here we erect our 
theodolite, and mark its exact position by a plummet. 
We must first make sure that our line is perpendicular, 
or nearly so, to the axis or middle line of the glacier. 
Our instructed assistant lays down a long staff in the 
direction of the axis, assuring himself, by looking up and 
down, that it is the true direction. With another staff 
in his hand, pointed towards our theodolite, he shifts 
his position untile the second staff is perpendicular to the 
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first. Here he gives us a signal. We direct our tele- 
scope upon him, and then gp:*adually raising. its end iii a 
vertical plane we find, and note by sketching, a standard 
point at the other side of the glacier. This point known, 
and our plummet mark known, we can on any future 
day find our. line. (To render the measurements more 
intelligible, I append on the next page an outline dia- 
gram of the Mer de Glace, and of its tributaries.) 

164. Along the line just described ten stakes were set 
ori July 17, 1857. Their displacements were measured 
on the following day. Two of them had fallen, but 
here ai’e the distances passed over by the eight re- 
maining ones in twenty-four hours. 

DAILY MOTION OF TITE MER DE GLACE. 

PiRST Like : A A' upon the Sketch. 

East West 

Stake . . . 1 3 4 5 7 9 10 

Inches . . .1# 17 23 20 25 26 27 33 

165. You have already assured yourself by actual 
contact that the body of the glacier is real ice, aifd you 
may have read that glaciers move ; but the actual 
observation of the motion of a body apparently so rigid 
is strangely interesting. And not only does the ice 
move bodily, but one part of it moves past another ; 
the rate of motion augmenting gradually from 12 
inches a day at the side to 33 inches a day at a 
distance from the side. This quicker movement of the 
central ice of glaciers had been already observed by 
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Agassiz and Forbes ; we verify i^eir results, aiW now 
proceed to something new. Crossing the Glacier du 
G^ant, which occupies more than half the valley, we 
find that our line of stakes is not yet at an end. The 
10th stake stands on the part of the ice which comes 
from the Tal^fre, . 

166. Now the motion of the sides is slow, iJecause of 
the friction of the ice against its boundaries ; but then 
one would think that midway between the boundaries, 
where the friction of the sides is least, the motion 
ought to be greatest. This is clearly not the case ; for 
though the 10th stake is nearer than the 9th to tffe 
eq^tem or Chapeau side of the valley, the 10th stake 
surpasses the 9th by 6 inches a day. 

167. Here we have something to think of; but before 
a natural philosopher can think with comfort he must 
be perfectly sure of his facts. The foregoing line ran 
across the glacier a ?ittle below the Montanvert. 

vdll run another line across a little way above the hotel. 
On July 18 we set out this line, and to multiply our 
chances of discovery we place along it 31 stakes. On 
the subsequent day five of these were found unfit for 
use ; but here are the distances passed over by the 
remaining six-and-twenty in 24 hours. 


Secokd Liks: BB' vfun the Sketch. 

West 


Stake 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Inches 

11 

12 

16 

16 

16 

17 

18 

19 

20 

20 

21 

21 

Stake 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

iDches 

23 

23 

23 

21 

23 

21 

25 

22 

22 

23 

26 

26 

East 
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IGSVLook at these numbers. The first broad fact 
they reveal is the advance in the rate • of motion from 
first to last. There are however small irregularities ; 
from 23 inches at the 17th stake we fall to 21 inches at 
the 18th ; from 23 inches at the 19th we fall to 21 inches 
at the 20th ; from 25 inches at the 21st we fall to 22 
inches at\he 22nd and 23rd ; but notwithstanding these 
small ups and downs, the general advance of the rate 
of motion is manifest. « Now there may have been some 
slight displacement of the stakes by melting, sufficient 
to account for these small deviations from Txniformity 
iif the increase of the motion. But another solution is 
also possible. We shall afterwards learn that the gla- 
cier is retarded not only by its sides but by its bed ; 
that th^ upper portions of* the ice slide over the lower 
oires. Now if the bed of the Mer de Glace should have 
eminences here and there rising sufficiently near to the 
i^SH^ace to retard the motion of th^ surface, they might 
produce the small irregularities noticed above. 

169. We note particularly, while upon the ice, that the 
26th s^ake, like the 10th stake in our last line, stands 
much nearer to the eastern than to the western side 
of the glacier j the measurements, therefore, offer a fur- 
ther proof that the centre of this portion of the glacier 
is not the l>lace of swiftest motion. 

§ 23. Unequal Motion of the two Sides of the 
Mer de Glace. 

170. But in nether the first line nor the second were 
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we able to push our measurements quite aci^ss the 
glacier. Why? In attempting to do one thing we are 
often taught another, and thus in science, if we are only 
steadfast in our work, our very defeats are converted 
into means of instruction. We at first planted our 
theodolite on the lateral moraine of the Mer de Glace, 
expecting to be able to command the glacier from side 
to side. Bui we are now undeceived; the centre of 
the glacier proves to be higher than its sides, and from 
our last two positions the view of the ice near the oppo- 
site side of the glacier was intercepted by the eleva- 
tion at the centre. The mountain slopes, in fact, 55*e 
warm in summer, and they melt the ice nearest to them, 
thus causing a fall from the centre to the sides. 

171. But yonder on the lieights at the other side of 
the glacier we see a likely place for our theodolite. 
We cross the glacier and plant our instrument in a 
position from whiclf we sweep the glacier from sid^~to ' 
side. Our first line was below the Montanvert, our 
second line above it ; this third line is exactly opposite 
the Montanvert ; in fact, the mark on which we have 
fixed the fibre-cross of the theodolite is a corner of one 
of the windows of the little inn. Along this line we 
fix twelve stakes on July 20. On the 21st one of them 
had fallen ; but the velocities of the remaining eleven 
in 24 hours were found to be as follows ; — 
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Third Like: CC' oton the Sketch. 

East West 

Stake ..123456789 10 11 

Inches . 20 23 29 30 34 28 25 25 25 18 9 

172. Both the first stake and tlie eleventh in this 

series stood near the sides of the glacier. On the 

eastern side the motion is 20 inches, while on the 

western side it is only 9. It rises on the eastern side 
from 20 to 34 inches al^the 5th stake, which we, stand- 
ing upon the glacier, can see to he much nearer to the 
eastern than to the western side. The united evidence 
0 ^ these three lines places the fact beyond doubt, that 
opposite the Montanvert, and for some distance above it 
and below it, the whole eastern side of the glacier is moving 
more qmchly than the western side, 

§ 24. Suggestion of a new Likeness of Glacier Motion 
to River Motion. GonjecHre tested. 

178. Here we have cause for reflection, and facts are 
comparatively worthless if they do not provoke this 
exercise of the mind. It is because facts of nature are 
not isolated but connected, that science, to follow them, 
must also form a connected whole. The mind of the 
natural philosopher must, as it were, be a web of thought 
corresponding in all its fibres with the web of fact in 
nature. 

174. Let us, then, ascend to a point which commands 
a good view of this portion of the Mer de Glace. The 
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ice-river we see is not straight but curved, an^ its cur- 
vature is from the Montanvert ; that is to say, its con- 
vex side is east, and its concave side is west (look to 
the sketch). You have already pondered the fact that 
a glacier, in some respects^ moves like a river. How would 
a river move through a curved channel ? This is kn^wn. 
Were the ice of the Mer de Glace displaced by water, 
the point of swiftest motion at the Montanvert would 
not be the centre, but a point east of the centre. Can 
it be then that this ‘ water-rock,’ as ice is sometimes 
called, acts in this respect also like water ? 

175. This is a thought suggested on the spot; it may , 
or it may not be true, but the means of testing it are at 
hand. Looking up the glacier, we see that at le$ Fonts 
it also bends, but that there its convex curvature is 
towards the western side of the valley (look again to 
the sketch). If our surmise be true, the point of 
swiftest motion opposite les Fonts ought to lie west of 
the axis of the glacier. 

176. Let us test this conjecture. On July 26 we fix 
in a line across this portion of the glacier seventeen 
stakes ; every one of them has remained firm, and on 
the 26th we find the motion for 24 hours to be as 
follows : — 

Fovbth Limx: DIT vrov ths SxjiTCu. 

East West 

Stake .1 2 3 4 6 6 7 8 9 10 11 . 12 13 14 16 

Inches . 7 8 13 15 16 19 20 21 21 23 23 ' 21 22 17 15 
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177. Inspected by the naked eye alone, the stakes 10 
and 11, where the glacier reaches its greatest motion, 
are seen to be considerably to the west of the axis of 
the glacier. Thus far we have a perfect verification of 
the guess which prompted us to make these measure- 
ments. You will here observe that 'the ‘ guesses ’ of 
science are’not the work of chance, but of thoughtful 
^pondering over antecedent facts. The guess is the ‘ in- 
duction’ from the facts, V> be ratified or exploded by the 
test of subsequent experiment. 

178. And though even now we have exceedingly 
stfSng reakon for holding that the point of maximum 
velocity obeys the law of liquid motion, the strength of 
our conclusion will be doubled if we can show that the 
point shills back to the eastern side of the axis at 
another place of flexure. Fortunately such a place 
exists opposite Tr41aporte. Here the convex curvature 

'WTShe valley turns again to the easft Across this por- 
tion of the glacier a line was set out on July 28, and 
from measurements on the 31st, the rate of motion per 
24 hours* was determined. 

Fifth Line : E E' upon the Sketch. 

Stake .12 3 4 6 6 7 8 9 10 11 12 13 14 16 

Inches. 11 14 13 16 16 16 17 19 20 19 20 18 16 16 10 

179. Here, again, the mere estimate of distances by 
the eye would show us that the three stakes which moved 
fastest, viz. the 9th, 10th, and 11th, were all to the east of 
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the middle line of the glacier. The demonstraxiou tnat 
the point of swiftest motion wanders to and fro across 
the axis, as the flexure of the valley changes, is, there- 
fore,— shall I say complete ? 

180. Not yet. For if surer means are open to us we 
must not rest content with estimates by the eye.^ We. 
have with us a surveying chain ; let us sha^e it out and 
measure these lines, noting the distance of every stak^ 
from the side of the glaciei^ This is no easy work 
among the crevasses, but I confide it confidently to Mr. 
Hirst and you. We can afterwards compare a number 
of stakes on the eastern side «iiiJ\the same number of 
stakes taken at the sai^f distancesXfrom the western 

.side-, For eYaTnp|lQ..rf- pair of stakes, onV?. ten yards from 
the easteni. siSe and the other ten yards if from the 
western side ; another pair, one fifty yards the 

eastern side and the other fifty yards from the western ^ 
side, and so on, <!an be compared together. For the 
sake of easy reference, let us call the points thus com- 
pared in pairs, equivalent points. 

181. There were five pairs of such points upon our 
fourth line, D IV, and here are their velocities ; — 

Eastern points ; motion in inches ..13 15 16 18 20 
Western points „ „ . . 15 17 22 23 23 

In every case here the stake at the western side moved 
more rapidly than the equivalent stake at the eastern 
side. 

182. Applying the same analysis to our fifth line. 
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' ^ * 

E E , we%ave the following series of velocities of three 

pairs of equivalent points : — 

Eastern points ; motion in inches . . 16 18 19 
Western points „ „ . . 13 15 17 

183. Here the three points on the eastern side move 
, . more^ rapidly than the equivalent points on the western 

side.' 

184. It is thus proved : — 

1. That opponite the Mofntawoert the eastern half of the 
Mer de Glace moves more rapidly than the western half. 

2. Thai opposite les Fonts the western half of the 
glacier moves more rapidly than the eastern half. 

8. That opposite Tr4laportt the eastern half of the 
glacier again moves more rapidly than tke viext‘tm half. 

4. Tha,€ these changes in the place of greatest motion 
q,7;v ' determined by the flexures of the valley through which 
the Mer de Glace moves. 

§ 25. Neiv Law of Glacier Motion. 

185. Let us express these facts in another way. Sup- 
posing the points of swiftest motion for a very great 
number of lines crossing the Mer de Glace to be deter- 
mined ; the line joining all those points together is 
what mathematicians would call the locuo of the point 
of swiftest motion. 

186. At Tr^laporte this line would lie east of the 
centre j at the Fonts it would lie west of the centre ; 
hence in passing from Tr41aporte to the Fonts it would 
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cross the centre. But at the Montanvert it "w^ld again 
lie east of the centre ; hence between the Fonts and the 
Montanvert the centre must be crossed a second time. 
If there were further sinuosities upon the Mer de Glace 
there would be further crossings of the axis of the glacier. 

187. The points on the axis which mark the traiiaition. 
from eastern to western bending, and the reverse, may 
be called points of contrary flexure. 

188. Now what is true of the Mer de Glace is true of 
all other glaciers moving through sinuous valleys ; so 
that the facts established in the Mer de Glace b^ 
expanded into the following general law of glacier mo- 
tion : — 

Whm a glacier moves through a sinuous valley ^ the loctis 
of the point of maximum motion does not coincide with 
the centre of the glacier, hut, on the contrary, always 
ties on the convex side of the central line. The locus is 
therefore a curve^ine more deeply sinuous than the valley 
itself, and crosses the axis of the glacier at each point of 
contrary flexure. 

189. The dotted lino on the Outline Plan (page 68) 
represents the locus of the point of maximum motion, 
the firm line marking the centre of the glacier. 

190. Substituting the word river for glacier, this law 
is also true. The motion of the water is ruled by pre- 
cisely the same conditions as the motion of the ice. 

191. Let us now apply our law to the explanation 
of a difficulty. Turning to the careful measurements 
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executed by M. Agassiz on the glacier of the TJnteraar, 
we notice in the discussion of these measurements a 
section of the ‘Systeme glaciaire’ devoted to the 
* Migrations of the Centre.’ It is here shown that the 
middle of the Unteraar glacier is not always the point 
.*pf swiftest ..motion. This fact has hitherto remained 
without explanation ; but a glance at the TTnteraar 
Talley, or at the map of the valley, shows the enigma 
to be an illustration ofHhe law which we have just 
established on the Mcr do Clace. . 

§ 26. Motion of Axis of Mer de Olace. 

192. We have now measured the rate of motion of 
five different lines across the trunk of the Mer de Glace. 
Do they all move alike ? No.' Like a river, a glacier 
at different places moves at different rates. Comparing 
together the points of maximum motion of all five lines, 
we have this result : — 

MOTION OF MER DE GLACE. 

At Tr61ttporte . . . .20 inches a tlay. 

Its Poitis . . . . 23 „ „ 

Ahuvo the Montanvert . .26 „ „ 

At the Montanvert . . .34 „ „ 

Below the Montanvert . . 33* „ „ 

193. There is thus an increase of rapidity as we de- 
scend the glacier from Tr4laporte to the Montanvert ; 

* This is probably under the mark. I think it likely that the swiftest 
motion of this portion of the Mer de Glace in 1857 amounted to a yard in 
twenty-four hours. 
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the maximum motion at the Montanvert being l^nrteei) 
inches a day greater than at Tr^laporte. 

§ 27. Motion of Tributary Glaciers . 

194. So much for the trunk glacier; let us now 
investigate the branches, permitting, as we have hit herto 
done, reflection on known facts to precede our attempts 
to discover unknown ones. 

195. As we stood upon our •‘cleft station,* whence 
Ave had so capital a view of the Mer de Glace, we were 
struck by the fact that some of the tributaries of the 
glacier Avere wider than the glacier itself. Supposing 
Avater to be substituted for the ice, how do you suppose 
it would behave ? You would doubtless conclude that 
the motion down the broad ’and slightly-inclined valleys 
of the Geant and the Lechaud would be comparatively 
slow, but that the wa^er would force itself with increased 
rapidity through th^ ‘ narrows ’ of Trelaporte. Lei us 
test this notion as applied to the ice. 

196. Planting our theodolite in the shadow of Mont 
Tacul, and choosing a suitable point at the opposite side 
of the Glacier du Geant, Ave fix on July 29 a series of 
ten stakes across the glacier. The motion of this line 
in twenty-four hours was as follows ; — 

MOTION OF GLACIEE DU G^ANT. 

Sixth Line: HH' upon Sketch. 

Stake ..1 2 3 4 5 6 7 89 10 
Inches . . n 10 12 13 12 13 11 10 9 6 
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. The luazimum 
than that of the 

1. On August 


197. tDur conjecture is folly verified 
motion here is seven inches a day les| 

Mer de Glace at Tr^laporte (192). 

198. And now for the Lechaud bra 
1 we fix ten stakes across this glacieil above the point 

^ where it is joined by the Tal^fro. Melsured on August 
3, and reduced to twenty-four hours, Ve motion , was 
found to be — 

MOTION OF OsLACIES DE L^CHAT 
SuvENTU Line: KK' upon Sketch. 

Stake ..12 .3 466789 

Inches .68 10 998697 


199. Here our conjecture is still further verified, the 
rate of motion being even less than that of the Glacier 
du G^-ant. 


§ 28. Motion of Top and Bottom of Olac^r. 

200. We have here the most ample and varijOd evi- 
dence that the sides of a glacier, like those of a river, 
are retarded by friction against its boundaries. But 
the likeness does not end here. The motion of a river 
is retarded by the friction against its bed. Two 
observers, viz. Prof. Forbes and M. Charles Martins, 
concur in showing the same to be the case with a 
glacier. The observations of both have been objected 
to ; hence it is all the more Incumbent on us to seek 
for decisive evidence. 

201. At the Tacul (near the point a upon the sketch 
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plan, p. 83) a wall of ice about 150 feet b^h has Already 
attracted our attention. Bending round to join the 
L^cbaud the Glacier du G4ant is here drawn away from 
the mountain side, and exposes a fine section. We try 
to measure it top, bottom, and middle, and are defeated 

twice over. We try it a third time and succeed. A 

stake is fixed at the summit of the ice-precipice, another 
at 4 feet from the bottom, and a third at 35 feet above 
the bottom. These lower stakea are fixed at some risk 
of boulders falling upon us from above; but by skill 
and caution we succeed in measuring the motions of all 
three. For 24 hours the motions are : — 

Top stake . . • . 6 inches. 

Middle stake • • , * m 

Bottom stake *t 

202. The retarding infiuence of the bed of the glacier 
is reduced to demonstration by these measurements. 
The bottom does not* move with half the velocity of the 
surface. 


§ 29. Lateral Compreseion of a Glacier. 

203. Furnished with the knowledge which these 
labours and measurements have given us, let us once 
more climb to our station beside the Cleft under the 
Aiguille de Charmoz. At our first visit we saw the 
medial moraines of the glacier, but we knew nothing 
about their cause. We now know that they mark upon 
the trunk its tributary glaciers. tJast your eye, then, 

G 
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first a|ipn the Glacier du G4ant; realise its width in 
ii>s own Talley, and see how much it is Harrowed at 
TrUaporte. ^he broad ice-stream of the L^chaud is 
still more surprising, being squeezed upon the Mer de 
Glace to a narrow white band between its bounding 
moraines. The Taldfre undergoes similar compression. 
Xet us nbw descend, shake out our chain, measure, 
and express in numbers the width of the tributaries, 
and the actual amoun^ of compression suffered at Tr4- 
laporte. 

204. We find the width of the Glacier du G^ant to 

be 6,166 links, or 1,134 yards. , 

,205. The width of the Glacier de L^chaud we find 
to be 8,725 links, or 825 yards. 

206. The width of the Tal6fre wfe find to be 2,900 
links, or 688 yards. 

207. The sum of the widths of the three branch 
gle^iers is therefore 2,597 yards. 

205. At Trelaporte these three branches are forced 
throiigh a gorge 893 yards wide, or one-third of their 
previous width, at the rate of twenty inches a day. 

209. If we limit our view to the Glacier de L^chaud, 
the facts are still more astonishing. Previous to its 
junction with the Tal^fre, this glacier has a width of 
825 yards ; in passing through the jaws of the granite 
vice at Trelaporte, its width is reduced to eighty-eight 
yards, or in round numbers to one-tenth of its previous 
width. (Look to the sketch mi the next page.) 
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210. ^Are we to understand by this that the ice of 
the Ldchaud is squeezed to one-tenth of its former 
volume P By no means. It is mainly a change of form, 
not of volume, that occurs at Tr^laporte. Previous to 
its compression, the glacier resembles a plate of ice 

fla^ upon its bed. After its compression, it 
resembles a plate fixed upon its edge. The squeezing, 
doubtless, has deepened the ice. 

§ 30. Longitudinal Compression of a Glacier. 

211. The ice is forced through the gorge at Tr41a- 
porte by a pressure from behind; in fact the Glacier 
du G6ant, immediately above Tr^laporte, represents a 
piston or a plug which drives the ice through the 
gorge. What effect must this pressure have upon the 
plug itself P Reasoning alone re’aders it probable that 
the pressure will shorten the plug ; that the lower part 
of the Glacier du G4ant will to some extent yield to the 
pressure from behind. 

212. Let us test this notion. About three-quarters 
of a mile above the Tacul, and on the mountain slope to. 
the left as we ascend, we observe a patch of verdure. 
Thither we climb ; there we plant our theodolite, and 
set out across the Glacier du G^nt, a line, which we 
will call line No. 1 (P P' upon sketch, p. 68). 

218. About a quarter of a mile lower down we find a 
practicable couloir on the mountain side; we ascend 
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it, reax}h a suitable platform, plant our in8trum#it, and^ 
set out a second line. No. 2 (G O'* upon sketch). We 
must hasten our 'v?^ork here, for along this couloir stones 
are discharged firom a small glacier which rests upon 
the slope of Mont Tacul. 

214. Still lower down by another quarter of a mile, 
which brings us near the Tacul, we set out a*third line. 
No. 3 (H H' upon sketch), across the glacier. 

215. The daily motion of thei, centres of these three 
lines is as follows ; — 

Inches 

No. 1 . . 20-55 \ 

No. 2 . . 16-43 1 

No. 3 . . 12-75/ 

216. The first line here moves five inches a day more 

than the second ; and the second nearly three inches a 
day more than the third. The reasoning is therefore 
confirmed. The ic^plug, which is in round numbers 
one thousand yards long, is shortened by the pressure 
exerted on its front at the rate of about eight inches a 
day. 

217. A river descending the Valley du G4ant would 
behave in substantially the same fashion. It would have 
its motion on approaching Tr41aporte diminished, and 
it would pour through the defile with a velocity greater 
than that of the water behind. 


Distances asander 
. 545 yards. 

. 487 „ 
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§ 31.* Sliding and Flowing, Hard Ice a/nd Soft Ice. 

• • 

218. We have thus far confined ourselves to the 
measurement and discussion of glacier motion ; but in 
our excui'sions we have noticed many things besides. 
Here and there, where the ice has retreated from the 
mountain® side, we have seen the rocks fluted, scored, 
and.polished j thus proving that the ice had slidden over 
them and ground thep down. At the source of the 
Arveiron we noticed the water rushing from beneath 
the glacier charged with fine matter. All glacier 
rivers are similarly charged. The Rhone carries its 
load of matter into the Lake of Geneva ; the rush of 
the river is here arrested, the matter subsides, and the 
Rhone tjuits the lake clear and blue. The Lake of 
Geneva, and many other Swiss lakes, are in part filled 
up with this matter, and will, in all probability, finally 
be Obliterated by it. 

219. One portion of the motion of a glacier is due to 
this bodily sliding of tlie mass over its bed. 

220. * We have seen in Uur journeys over the glacier 
streams formed by the melting of the ice, and escaping 
through cracks and crevasses to the bed of the glacier. 
The fine matter ground down is thus washed away; 
the bed is kept lubricated, and the sliding of the ice 
rendered more easy than it would otherwise be. 

221. As a skater also you know how much ice is 
weakened by a thaw. Before it actually melts it becomes 
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rotten and unsafe. Test such ice with your piAknife :* 
you can dig the blade readily into it, or cut the ice with 
ease. Try good sound ice in the ^me way ; you find 
it much more resistant. The one, indeed, resembles 
soft chalk ; the other hard stone. 

222. Now the Mer de Glace in summer is in this^ 
thawing condition. Its ice is rendered soft and yielding 
by the sun ; its motion is thereby facilitated. We • 
have seen that not only does the glacier slide over its 
bed, but that the upper layers slide over the under 
ones, and that the centre slides past the sides. The 
softer and more yielding the ice is, the more free will 
be this motion, and the more readily also will it be 
forced through a defile like Tr^laporte. 

223. But in winter the tha^v ceases ; the quantity of 
water reaching the bed of the glacier is diminished or 
entirely cut off. The ice also, to a certain depth at 
least, is frozen hard.* These considerations would justify 
the opinion that in winter the glacier, if it moves at 
all, must move more slowly than in summer. At all 
events, the summer measurements give no clue to the 
winter motion. . 

224. This point merits examination. I will not, how- 
ever, ask' you to visit the Alps in mid- winter; but,. if 
you allow me, I will be your deputy to the mountains, 
and report to you faithfully the aspect of the region 
and the behaviour of the ice. 
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§ 32. Winter on the Mer de Olaee. 

' 225. The winter chosen is an inclement one. There 
is snow in London, snow in Paris, snow in Geneva ; 
snow near Chamouni so deep that the road fences are 
e ntire ly etPaced. On Christmas night — ^nearly at mid- 
night — 18^9, your deputy reaches Chamouni. 

226. The snow fell heavily on December 26 ; but on 
the 27th, during a lull in the storm, we turn out. 
There are with me four good guides and a porter. They 
tie planks to their feet to prevent them from sinking 
in ibe snow ; I neglect this precaution and sink often 
to the waist. Four or five times during our ascent 
the slope cracks with an explosive sound, and the snow 
threatens to come down in avalanches.'*’ 

The freshly-fallen snow was in that particular con- 
dition which causes its granules to adhere, and hence 
every flake falling on the trees had been retained there. 
The laden pines presented beautiful and often fantastic 
forms. 

C 

227. After five hours and a half of arduous work the 
Montanvert was attained. We unlocked the forsaken 
auberge, round which the snow 'jras reared in buttresses. 
1 have already spoken of the complex play of crystallising 

^ Four years later, viz. in the spring of 1868, a mighty elimber and 
noble guide and eompanion of mine, named Johann Joseph Bennen, was^ 
lost, trough the cracking and subsequent slipping of snow on sucb a 
slope. 
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forces. Th^ frost-figures on the window-panA of t^ 
auberge were wonderful: mimic shrubs and ferns 
wrought by the building power while hampered by 
the adhesion between the glass and the film in which it 
worked. The appearance of the glacier was very impres- 
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sive; all sounds were gtilled. The cascades which in 
summer fill the air with their music were silent, hanging 
from the ledges of the rocks in fiuted columns of ice. 
The surface of the glacier was obviously higher than it 
^adbeen in summer; suggesting the thought that while 
the winter cold maintained the lowe^* end of the glacier 


90 


THE FORMS OF WATER IN 


jammed'^etween its boundaries, the upper portions still 
moved downwards and thickened the ice. The peak of 
the Aiguille du Dru shook out a cloud-banner, the ori- 
gin and nature of which have been already explained (84). 
(See Frontispiece.) 

^ ,228. On the morning of the 28th this banner was 
strikingly large and grand, and reddened by the light 
of the rising sun, it glowed like a flame. Eoses of 
cloud al§o clustered ro^nd the crests of the G-rande 
Jorasse and hung upon the pinnacles of Charmoz. 
Four men, well roped together, descended to the glacier. 

I had trained one of them in 1867, and he was now to 
fix the stakes. The storm had so distributed the snow 
as to leave alternate lengths of the glacier bare and 
thickly covered. Where mitch snow lay great caution 
was required, for hidden crevasses were underneath. 
The men sounded with their staffs p,t every step. Once 
while looking at the party through' my telescope the 
leader suddenly disappeared ; the roof of a crevasse had 
given vray beneath him; but the other three men 
promptly gathered round and lifted him out of the 
fissure. The true line was soon picked up by the theo- 
dolite ; one by one the stakes w^re fixed until a series 
of eleven of them stood across the glacier. 

229. To get higher up the valley was impracticable ; 

. the snow was too deep, and the aspect of the weather 
too threatening ; so the theodolite was planted amid the , 
pines a little way below the Montanvert, whence through 
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a vista I could see across the glacier. The wei<6 
wrapped at intervals by whirling snow-wreaths which 
quite hid them, and we had to take advantage of the 
lulls in the wind. Fitfully it came up the valley, dark- 
ening the air, catching the snow upon the glacier, and 
tossing it throughout its entire length into high and 
violently agitated clouds, separated from eabh otEcr by 
cloudless spaces corresponding to the naked portions o^ 
the ice. In the midst of thi| turmoil the men con- 
tinued to work. Bravely and steadfastly stake after 
staJce was set, imtil at length a series of ten of them 
was fixed across the glacier. 

230. Many of the stakes were fixed in the snow. 
They were four feet in length, and were driven in to a 
depth of about three feet.* But that night, While list- 
ening to the wild onset of the storm, I thought it pos- 
sible that the stakes and the snow which held them 
rn^ght be earned^ bodily away before the moftiing. 
The wind, however, lulled. We rose with the dawn, but 
the air was thick with descending snow. It was all 
composed of those exquisite six-petaled flowers, or six- 
rayed stars, which have been already figured and de- 
senbed (§9). The weather brightening, the theodo- 
lite was planted at the* end of the first line. The men 
descended, and, trained by their previous experience, 
rapidly executed the measurements. The first line was 
completed before 11 a.u. Again the snow began to fall, 
filling all the air. Spangles innumerable were showered 
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&pon iiiti heiglxts. Contrary to expectation, the men 
could be seen and directed through the shower. 

. . 231. To reach the position occupied by the theodolite 
at the end of our second line, I had to wade breast-deep 
through snow which seamed as dry and soft as flotir. 
The toil of the men upon the glacier in breaking through 
the snow was prodigious. But they did not flinch, and 
After a time the leader stood behind the farthest stake, 
and cried, Noiis avom fyd. I was surprised to hear 
him so distinctly, for falling snow had been thought 
very deadening to sound. The work was finished, and 
I struck my theodolite with a feeling of a general who 
had won a small battle. 

232. We put the house in order, packed up, and shot 
by glissade down the steep slopes of ha, Filia to the 
vault of the Arveiron. We found the river feeble, but 
not dried up. Many weeks must haye elapsed since any 
watef had been sent down from the surface of the 
glacier. But at the setting in of winter the fissures 
were in a great measure charged with - water ; and the 
Arveiron of to-day was probably due to the gradual 
dramage of the glacier. There was now no danger of 
entering the vault, for the ice seemed as finn as marble. 
In the cavern we were bathed by blue light. The 
strange beauty of the place suggested magic, and put 
me in mind of stories about fairy caves which I had read 
when a boy. At the source of the Arveiron our winter 
visit to the Mer de Glace ends ; next morning yblir 
deputy was on his ^-ray to London. 
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§ 33. Winter Motion of the Mer de Glace. 

233. Here are the measurements executed in the 
winter of 1869 : — 

litKB No. 1. 

Stake .,12 3 4 5 6 7 8 9 10 11 

Inches .. 7 11 14 13 14 14 16 16 12, 12 4 

Line No. II. 

Stake ..123456789 10 

Inches .. 8 10 14 16 Ig 16 18 17 15 14 

234. Thus the winter motion of the Mer de Glace 
near the Montanvert is, in round numbers, half the 
summer motion. 

236. As in summer, the eastern side of the glacier at 
this place moved quicker than the western. 

§ 34. Motion of the Orindelwald and Aletsch Glacier e. 

236. As regards the question of motion, to no, other 
glacier have we devoted ourselves with such thorough- 
ness as to the Mer de Glace ; we are, however, able 
to add a few measurements of other celebratedsglaciers. 
Near the village of Grindelwald in the Bernese Ober- 
land, there are two great ice-streams called respec- 
tively the IJ^per and the Lower Grindelwald glaciers, 
the second of which is frequently visited by travellers 
in the Alps. Across it on August 6, 1860, a series of 
ty^elve stakes was fixed by Mr. Yaughan Hawkins and 
myself. Measured on the 8th and reduced to its daily 
rate, the motion of these stakes was as follows : — 
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MOTION OF LOWER GRINDELWALD GLACIER. 

East West 

Stake ..1 2 3 4 5 6 7 8 9 10 11 12 
Inches . 18 10 20 21 21 21 22 20 19 18 17 14 

237. The theodolite was here planted a little below 
the footway leading to the higher glacier region, and at 
about a mile above the end of the glacier. The mea- 
curement was rendered difficult by crevasses. 

238. The largest glacier in Switzerland is the Great 
Aletsch, to which further reference shall subsequently 
be made. Across it on August 14, 1860, a series of 
thirty-four stakes was planted by Mr. Hawkins and me. 
Measured on the 16th and reduced to their daily rate, 
the velocities were found to be as follows : — 

MOTION OF GREAT ALETSCH GLACIER. 


East 


Stake . 

. 1 

2 3 4 

6 

6 

7 

8 

9 

10 

11 

12 

Suches 

, 2 

3 4 6 

8 

11 

13 


16 

17 

17 

19 

Stake . 

. h 

14 16 

16 

17 

18 

19 

20 

21 

22 

23 

Inches 

, 19 

18 18 

17 

19 

19 

19 

19 

17 

17 

15 

Stake . 

. 24 

26 26 

27 

28 

29 

30 

31 

32 

33 

34 

Inclv^a 

, 16 

17 17 

17 

17 

17 

17 

17 

16 

12 

12 

West 


239. The maximum motion here is nitieteen inches a 
day. Probably the eastern side of the glacteris shallow, 
the retardation of the bed making the motion of the 
eastern stakes inconsiderable. The width of the glacier 
hero is 9,030 links, or about a mile and a furlong. 
The theodolite was planted high among the rocks on 
the. western flank of the mountain, about , half a mile 
above the Mfirgeliif See. 
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§ 85. Motion of M&rteraUch Glacier. 

240. Far to the east of the Oberland and in that 
interesting part of Switzerland known as the Ober En- 
gadin, stands a noble group of mountains, less in height 
than those of the Oberland, but still of commanding 
elevation. The group derives its name frofti its most 
dominant peak, the Piz Bernina. To reach the place 
we travel by railway from Basel to Zurich, and from 
Zurich to Chur (French Coire), whence we pass by dili- 
gence over either the Albula pass or the Julier pass to 
the village of Pontresina. Here we are in the imme- 
diate neighbourhood of the Bernina mountains. 

241. From Pontresina we may walk or drive along a 
good coach road over the Bernina pass into Italy. At 
about an hour above the village you would look from 
the road into the heart of the mountains, the line of 
vision passing thrc«gh a valley, in which is couchfed a 
glacier of considerable size. Along its back you would 
trace a medial moraine, and you could hardly fail to 
notice how the moraine, from a mere narrow streak 
at first, widens gradually as it descends, until finally it 
quite covers the lower end of the glacier. Nor is this 
an effect of perspective ; for were you to stand upon the 
mountain slopes which nourish the glacier, you would 
see thence also the widening of the streak of rubbish, 
though the perspective here would tend to narrow 
■the moraine as it retreats downwards. 
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242. '^he ice-stream here referred to is the Morter- 
atsch glacier, the end of which is a short hour’s walk 
from the village of Fontresina. We have now to de- 
termine its rate of motion and to account for the widen- 
ing of its medial moraine. 

243. In the summer of 1864 Mr. Hirst and myself 
set out three lines of stakes across the glacier. The 
first line crossed the ice high up ; the second a good 
distance lower down, a^d the third lower still. Even 
the third line, however, was at a considerable distance 
above the actual snout of the glacier. The daily 
motion of these three lines was as follows : — 


StalcV) . 

. 1 

2 

3 

First Liitk. 

4 .5 6 

7 

8 

9 

10 

11 

Inches . 

. 8 

12 

13 

13 14 13 

12 

12 

10 

7 

6 

Stake . 

. 1 

2 

3 

Second Link. 

4 6 6 

1 

1 

8 

9 

10 

11 

Inches . 

. 1 

4 

6 

8 10 11 

11 

11 

11 

n 

11 

e 

Stake . 

. 1 

2 

3 

Third Line. 

4 5 6 

7 


9 

10 

11 

Inches . 

. 1 

2 

4 

5 6 6 

7 

7 

5 

5 

4 


244. Compare these lines together. You notice the 
velocity of the first is greater than that of the second, 
and the velocity of the second greater than that of the 
third. 

245. The lines were permitted to move downwards for 
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100 hours, at the end of which time the spaces#]^assed 
over hy the points of swiftest motion of the three lines 
were as follows : — 

Maximum MorroN ix 100 Houps. 

First line . . . .66 niches. 

Second line . . . . 45 „ 

Third lino . . . . 30 ,, 

246. Here then is a demonstration that the upper 
portions of the Morteratsch gl^jcier are advancing on 
the lower ones. In 1871 the motion of a point on the 
middle of the glacier near its snout was found to he less 
than two inches a day ! 

247. What, then, is the consequence of this swifter 
inarch of the upiier glaci<‘r? Obviously to squeeze this 
medial moraine longitudinally, and to cause it to spread 
out laterally. We have here distinctly revealed the cause 
of the widening of th^ medial moraine. 

248. It has been a 'question much discussed, whether a 
glacier is competent to scoop out or deepen the valley 
through which it moves, and this very Morteratsch 
glacier has been cited to prove that such is not the case. 
Observers went to the snout of the glacier, and finding 
it sensibly quiescent, they concluded that no scooping 
occurred. But those who contended for the power of 
glaciers to excavate valleys never stated, or meant to 
state, that it was the snout of the glacier which did 
the work. In the Morteratsch glacier the work of 
excavation, which certainly goes on to a greater or 

H 
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' less ^IN;ent, must be fspT more effectual bigb up the 
valley than at the end of the glacier. 

§ 36. Birth of a Crevasse : Befiections. 

249. Preserving the notion that we are working to- 
gether, wp will now enter upon a new field of enquiry. 
We have wrapped up our chain, and are turning home- 
wards after a hard day’s work upon the Glacier du 
G4ant, when under <fer feet, as if coming from the 
body of the glacier, an explosion is heard. Somewhat 
startled, we look enquiringly over the ice. The soimd 
IS repeated, several shots being fired in quick succession. 
They seem sometimes to our right, sometimes to our 
left, giving the impression that the glacier is breaking 
all round us. Still nothing is to be seen. 

260. We closely scan the ice, and after an hour’s 
stript search we discover the causae of the reports. They 
annoui^ce the birth of a crevasse. Through a pool upon 
the glacier we notice air bubbles ascending, and find the 
bottom of the pool crossed by a narrow crack, from 
which the bubbles issue. Right and left from this pool 
we trace the young fissure through long distances. It 
is sometimes almost too feeble to be seen, and at no 
place is it wide enough to admit a knife-blade. 

251. It is difficult to believe that the formidable 
fissures among which you and 1 have so often trodden 
with awe, could commence in this small way. Such, 
however, is the case. The great and gaping chasms on 
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and above the ice-falla of the G4ant and the 'fal^fre 
begin as narrow cracks, wbicb open gradually , to 
crevasses. We are thus taught in an instructive and 
impressive way that appearances suggestive of very 
violent action may really be produced by processes so 
slow as to require refined observations to detect th^m. 
In the production of natural phenomena two things 
always come into play, the intensity of the acting force, 
and the time during which iti^ acts. Make the in- 
tensity great, and the time small, and you have sudden 
convulsion ; but precisely the same apparent effect may 
be produced by making the intensity small, and the 
time great. This truth is strikingly -illustrated by the 
Alpine ice-falls and crevasses; and many geological 
phenomena, which at first sight suggest violent con- 
vulsion, may be really produced in the selfsame 
almost imperceptible -^ay. 

§ 37. Icicles. 

252. The crevasses are grandest on the higher h4v€s, 
where they sometimes appear as long yawning fissures, 
and sometimes as chasms of irregular outline. A 
delicate blue light shimmers from them, but this is 
gradually lost in the darkness of their profounder 
portions. Over the edges of the chasms, and mostly 
over the southern edges, hangs a coping of snow, and 
from this depend like stalactites rows of transparent 
icicles, 10, 20, 30 feet long. These nendent spears 

i 
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consulate one of the most beautiful features of the 
higher crevasses. 

253. How are they produced? Evidently by the 
thawing of the snow. But why, when once thawed, 
should the water freeze again to solid spears? You 
havgt seen icicles pendent from a house-eave, which 
have been manifestly produced by the thawing of the 
snow upon the roof. If we understand these, we shall 
also understand the «. vaster stalactites of the Alpine 
crevasses. 

254. Gathering up such knowledge as we possess, 
and reflecting upon it patiently, let us found on it, if 
we can, a theory of icicles. 

255. First, then, yofi are to know that the air of our 
atmosphere is hardly heated at a,ll by the rays of the 
sun, whether visible or invisible. The air is highly 
transparent to all kinds of ra^s, and it is only the 
scanty fraction to which it is not* transparent that ex- 
pend their force in warming it. 

25^. Not so, however, with the snow on which the 
sunbeams fall. It absorbs the solar heat, and on a 
sunny day you may see the summits of the high Alps 
glistening with the water of liquefaction. The air above 
and around the mountains may at the same time be 
many degrees below the freezing point in temperature. 

257.. You have only to pass from sunshine into shade 
to prove this. A single step suffices to carry you from 
a place , where the thermometer stands high to one 
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where it stands low ; the change being due, not ^ any 
difference in the temperature of the air, but simply to 
the withdrawal of the thermometer from the dii*ect 
action of the solar rays. Nay, without shifting the* 
thermometer at all, by interposing a suitable screen, 
which cuts off the sun’s rays, the coldness of tlm air 
may be demonstrated. 

258. Look now to the snow upon your house roof. ’ 
The sun plays upon it, and melta^it ; the water trickles 
to the eave and then drops down. If the eave face the 
sun the water remains water; but if the eave do not 
face the sun, the drop, before its quits its parent snow, 
ia already in shadow. Now the shaded space, as we 
have lea,rnt, may be below the freezing temperature. If 
so, the drop, instead of fhlling, congeals, and the 
rudiment of an icicle is formed. Other drops and 
driblets succeed, which trickle over the rudiment, con- 
geal upon it in part S,nd thicken it at the root. But a 
portion of the water reaches the free end of the icicle, 
hangs from it, and is there congealed before it e^papes. 
The icicle is thus lengthened. In the Alps, where the 
liquefaction is copious and the cold of the shaded 
crevasse intense, the icicles, though produced in the 
same way, naturally grow to a greater size. The drain- 
age of the snow after the sun’s power is withdrawn 
also produces icicles. 

259. It is interesting and important that you should 
be able to explain the formation of an icicle ; but it is , 
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far mofs important that yon should realise the way in 
which the various threads of what we call Nature are 
woven together. You cannot fully understand an icicle 
without first knowing that solar beams powerful enough 
to fuse the snows and blister the human skin, nay, it 
might be added, powerful enough, when concentrated,' 
to bum up the human body^ itself, may pass through 
the air, and still leave it at an icy temperature. 

f 

§ 38. The Bergschrund. 

260. Having cleared away this difficulty, let us turn 
once more to the crevasses, taking them in the order 
of their formation. First then above the n^v4 we have 
the final Alpine peaks and crests, against which the 
snow is often reared as a steep buttress. We have 
already learned that both nev4s and glaciers are moving 
slowly downwards ; but it usua|,ly happens that the 
attachment of the highest portion v)f the buttress to the 
rocks is great enough to enable it to hold on while 
the lower portion breaks away. A very characteristic 
crevasse is thus formed, called in the German-speaking 
portion of the Alps a Bergsehrund. It often surrounds 
a peak like a fosse, as ' if to defend it against the as- 
saults of climbers. 

261. Look more closely into its formation. . Imagine 
the snow as yet unbroken. Its higher portions cling 
to the rocks, and move downwards with extreme slow- 
ness. But its lower portions, whether from their 
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’ greater jdepth and weight, or their less perfect g.ttach- 
ment, are compelled to move more quickly. A pnU is 
therefore exerted, tending to separate the lower from 
the upper snow. For a time this pull is resisted by the 
cohesion of the n4v4; but this at length gives way, 
and a crack is formed exactly across the line in which 
the pull is exerted. In other words, a crevasse is ftfrmed 
at right angles to the line of tension. ' 

§ 39. Transverse dreoasses. 

262. Both on the nev4 and on the glacier the origin 
of the crevasses is the same. Through some cause or 
other the ice is thrown into a state of strain, and as it 
cannot stretch it breaks across the line of tension. Take, 
for example, the ice-fall of the G4ant, or of the*Tal^fre, 
above which you know the crevasses yawn terribly. 
Imagine the n4v6 an^ the glacier entirely peeled away, 
so as to expose the surface over which they move. 
From the Col du G6ant we should see this surface 
falling gently to the place now occupied by the brow of 
the cascade. Here the surface would fall steeply down 
to the bed of the pi^sent Glacier du G6ant, where the 
slope would become gentle once more. 

263. Think of the nev6 moving over such a surface. 
It descends from the Col till it reaches the brow just 
referred to. It crosses the brow, and must bend down 
to keep upon its bed. Realise clearly what must occur. 
The surface of the n6v6 is evidently thrown into a 
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state o£ strain ; it breaks and forms a crevasse. Each 
fresh portion of the n4ve as it passes the brow is 
similarly broken, and thus a succession of crevasses is 
sent down the fall. Between every two chasms is a 
great transverse ridge. Through local strains upon the 
fall those ridges are also frequently broken across, 
towers of ice — seraes — ^being the result. Down the fall 
both ridges and s6racs are borne, the dislocation being 
augmented during the /lescent. 

264. What must occur at the foot of the fall ? Here 
the slope suddenly lessens in steepness. It is plain that 
the crevasses must not only cease to open here, but that 
they must in whole or in part close up. At the summit 
of the fall, the bending was such as to make the surface 
convex ; ‘ at the bottom of the fall the bending renders 
the surface concave. In the one case we have strain, in 
the other ^pressure. In the one cape, therefore, we have 
the 'opening, and in the other the*closing of crevasses. 
This reasoning corresponds exactly with the facts of 
observation. 

C 

265. Lay bare your arm and stretch it straight. 
Make two ink dots half an inch or an inch apart, 
exactly opposite the elbow. Bend your arm, the dots 
approach each other, and are finally brought together. 
Let the two dots represent the two sides of a crevasse 
at the bottom of an ice-fall ; the bending of the arm 
resembles the bending of the ice, and the closing np^of 
the dots resembles the closing of the fissures. 
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266. The same remarks apply to various pertions of 
the Mer de Glace. At certain places the inclination 
changes from a gentler to a steeper slope, and on cross- 
ing the brow between both the glacier breaks its back. 
Transverse crevasses are thus formed. There is such a 
change of inclination opposite to the Angle, and a still 
greater but similar change at the head of the Glacier 
des Bois. The consequence is that the Mer de Glace at 
the former point is impassable, and at the latter the 
rending and dislocation are such as we have seen and 
described. Below the Angle, and at the bottom, of the 
Glacier des Bois, the steepness relaxes, the crevasses 
heal up, and the glacier becomes once more continuous 
and compact. 

§ 40. Marginal Crevasses. 

267. Supposing, ithen, that we had no changes of 
inclination, should^ we have no crevasses P We should 
certainly have less of them, but they would not wholly 
disappear. For other circumstances exist to tjirow the 
ice into a state of strain, and to determine its fracture. 
The principal of these is the more rapid movement of 
the centre of the glacier. 

268. Helped by the labours of an eminent man, now 
dead, the late Mr. Wm. Hopkins, of Cambridge, let us 
master the explanation of this point together. But the 
pleasure of mastering it would be enhanced if we could 
see beforehand the perplexing and delusive appearances 



106 


THE FOE»B OF WATER IN 


account^ for by the explanation. Could my wishes be 
followed out, I would at this point of our researches carry 
you off with me to Basel, thence to Thun, thence to 
Interlahen, thence to Grindelw^d, where you would 
find yourself in the actual presence of the Wetterhom 
and the Eiger, with all the greatest peaks of the Bernese 
Oberland, the Einsteraarhorn, the Schreckhom, the 
Monch, the Jungfrau, at hand. At Grindelwald, as we 
have already learnt, therg are two well-known glaciers 
— the Ober Grindelwald and the Unter Grindelwald 
glaciers — on the latter of which our observations should 
commence. 

269. Dropping down from the village to the bottom 
of the -valley, we should breast the opposite mountain, 
and with the great limestone* precipices of the Wetter- 
horn to our left, we should get upon a path which com- 
mands a view of the glacier. I^ere we should see 
beautiful examples of the opening «f crevasses at the 
summit of a brow, and their closing at the bottom. 
But the chief point of interest would be the crevasses 
formed at the aide of this glacier — the marginal crevasses, 
as they may be called. 

270. We should find the side copiously fissured, even 
at those places where the centre is compact ; and we 
should particularly notice that the fissm^s would 
neither run in the direction of the glacier, nor straight 
across it, but that they would be ohliqm to it, enclosing 
an angle of about 45 degrees with the sides. Stsirting 
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from the side of the glacier the crevasses would be seen 
to point upwards ; that is to say, the ends of the fissures 
abutting against the bounding mountain would appear 
to be dragged doton. Were you less instructed than 
you now are, I might lay a wager that the aspect of 
these fissures would cause you to conclude that the 
I centre of the glacier is left behind by the qmcker motion 
of the sides. 

271. This indeed was the conclusion drawn by M. 
Agassiz from this very appearance, before he had 
measured the motion of the sides and centre, of the 
glacier of the Unteraar. Intimately versed with the 
treatment of mechanical problems, Mr. Hopkins imme- 
diately deduced the obliquity of the lateral crevasses 
from the quicker flow of Ihe centre. Standing beside 
the glacier with pencil and note-book in hand, I 
would at once mak^ the matter clear to you thus. 

272. Let A c, in the annexed figure, be one side of 
the glacier, and b d the other ; and let the direction of 



motion be that indicated by the arrow. Let s t be a 
transverse slice of the glacier, taken straigl\t across it. 
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Bjiy to-day. A few days or weeks hence this slice will 
have been carried down, and because the centre moves 
more quickly than the sides it will not remain straight, 
but will bend into the form s' t'. 

273. Supposing t i to be a small square of the 
original slice near the side of the glacier. In its new 
position the square will be distorted to the lozenge- 
fihaped figure t' i'. Fix your attention upon the diagonal 
T ^ of the square ; in the lower position this diagonal, 
if the ice could stretchy would be lengthened to t' i'. 
But the ice does not stretch ; it breaks, and we have 
a crevasse formed at right angles to t' i'. The mere 
inspection of the diagram will assure you. that the 
crevasse will point obliquely upwards. 

274. Along the whole side 'of the glacier the quicker 
movement of the centre produces a similar state of 
strain; and the consequence is (that the sides are 
copiously cut by those oblique crevaSses, even at places 
where the centre is free from them. 

275. It is curious to see at other places the transverse 
fissures of the centre uniting with those at the sides, 
so as to form great curved crevasses which stretch 
across the glacier from side to side. ’ The convexity of 
the curve is turned upwards^ as mechanical principles 
declare it ought to be. (See sketch on opposite page.) 
But if you were ignorant of those principles, you would 
never infer from the aspect of these curves the quicker 
motion of the centre. In landslips, and in the motion 



C3L0UDS ANB RIVERS, ICE AND GLACIERS* 109 

of partially indurated mud, you may sometiillea notice 
appearances similar to those exhibited by the ice. 
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§ 41. Longitudinal Crevasses. 

276. We have thus unravelled the origin of both 
transverse and marginal crevasses. But where a glacier 
issues from a steep and narrow defile upon a com- 
paratively level plain which allows it room to expand 
laterally, its motion is in part arrested, and the level 
portion has to bear the thrust of the steeper portions 
behind. Here the line of thrust is in the direction of 
the glacier, while the direction at i:;^ht angles to this 
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is one of ^nsion. Across this latter the glacier breaks, 
and longitudinal crevasses are formed. 

277. Examples of this kind of crevasse are fhmished 
by the lowef part of the Glacier of the Rhone, when 
looked down upon from the Grimsel Pass, or from any 
commanding point on the flanking mountains. 

§ 42. Crevasses in relation to Curvature of Glacier. 

278. One point in addition remains to be discussed, 
and Jour present knowledge will enable you to master 
it in a*moment. You remember at an early period, of 
otir researches that we crossed the Mer de Glace from 
the Chapeau side to the Montanvert side. I then 
desired ypu to notice that the Chapeau side of the 
glacier was more fissured than either the centre or the 
Montanvert side (75). Why should this be so P Know- 
ing ag we now do that the Chapeau^ side of the glacier 
moves more quickly than the other ; that the point of 
maximum motion does not lie on the centre but far east 
of it, we are prepared to answer this question in a per- 
fectly satisfactory manner. 

279. Let A B and c n, in the diagram opposite, re- 
present the two curved sides of the Mer de Glace at the 
Montanvert, and let m n be a straight line across the 
glacier. Let o be the point of maximum motion. The 
mechanical state of the two sides of the glacier may 
be thus made plain. Supposing the line m n to be a 
straight elastic string with its ends fixed; let it be 
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grasped firmly at the point o by the finger tmd thumb, 
and drawn to 0 % keeping the distance between 0 * and 


n 



the side 0 d constant. Here the length, no of th^tring 
would have stretched to n o', and the length m 0 to 
and you see plainly that the stretching of the short line, 
in 'comparison with its length, is greater than that of 
the long line in comparison with its length. • In other 
words, the strain upon n o' is greater than that upon 
mo'", so that if 0 : 1 ^ of them were to break under the 
strain, it would be the short one. 

280. These two lines represent the conditions of strain 
upon the two sides of the glacier. The sides are held 
back, and the centre tries *to move on, a strain being 
thus set up between the centre and sides. But the 
displacement of the point of maxitnum motion through 
the curvature of the valley makes the strain upon the 
eastern ice greater than that upon the western. The 
eastern side of the glacier is therefore more crevassed 
than the western. 

281. Here indeed resides the difficulty of getting 
along the eastern side of the Mer de«Glace : a difficulty 
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which, vfas one reason lor our crossing the glacier 
opposite to the Montanvert. There are two convex 
sweeps on the eastern side to one on the western side, 
hence bn the whole the eastern side of the Mer de Glace 
is most riven. 

§ ^S.'^Morhine-ridges, Glacier Tables, and Sand Cones. 

282. When you and I first crossed the Mer de Glace 
from Tr61aporte to the*. Couvercle, we found that the 
stripes of rocks and rubbish which constituted the 
medial moraines were ridges raised above the general 
iovel of the glacier to a height at some places of twenty 
or thirty feet. On examining these ridges we found the 
rubbish to be superficial, and that it rested upon a great 
spine of ice which ran along the back of the glacier. 
By what means has this ridge of ice been raised ? 

283. Most boys have read the story of Dr. Franklin’s 
placing bits of cloth of vai’ious colbins upon snow on a 
sunny day. The bits of cloth sank in the snow, the 
dark ones most. 

284. Consider this experiment. The sun’s rays fii’st 
of all fall upon the upper surface of the cloth and warm 
it. The heat is then conducted through the cloth to 
the under surface, and the under surface passes it on to. 
the snow, which is finally liquefied by the heat. It is 
quite manifest that the quantity of snow melted will 
altogether depend upon the amount of heat sent from 
the upper to the under surface of the cloth. 
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286. Now cloth is what is called a bad conductor. 
■It does not permit heat to travel freely through it. 
But where it has merely to pass through the thickness 
of a single bit of cloth, a good quantity of the heat 
gets through. But if you double or treble or quintuple 
the thickness of the cloth ; or. what is easier^ if jkju put 
several pieces one upon the other, you come at length 
to a point where no sensible amount of heat could get 
through from the upper to the binder surface. 

286. What must occur if such a thick piece, o]>«uch 
a series of pieces of cloth, were placed upon snow on 
which a strong sun is falling? The snow round tlf^ 
cloth is melted, but that underneath th^ cloth is pro- 
tected. If the action continue long enough the in- 
evitable result will be, that the level of the snow all 
round the cloth will sink, and the cloth will be left 
behind perched upoif an eminence of snow. 

287. If you understand this, you have already mastered 
the cause of the moiaine-ridges. They are not produced 
by any swelling of the ice upwards. But the ice under- 
neath the rocks and rubbish being protected from 
the sun, the glacier right and left melts away and leaves 
a ridge behind. 

288. Various other appearances upon the glacier are 
accoimted for in the same way. Here upon the Mer de 
Glace we have flat slabs of rock sometimes lifted up on 
pillars of ice. These are the so-called Olader Tables, 
They are produced, not by- the gfrowth of a stalk of ice 

I 
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out of ^|be gl^ioier, bat by the melting of the glacier all 
round the ice protected by the stone. Here is a sketch 
of one of the Tables of the Her de Glace. 



2&9. Notice moreover that a glaciertable is hardly ever 
set square upon its pillar. It generally leans to one 
side, and repeated obseiration teaches you that it so 
leans as to enable you always to draw the north and 
south line upon the glacier. For the sun being south 
of the zenith at noon pours its rays against the south- 
ern end of the table, while the northern end remains in 
shadow. The southern end, therefore, being most 
warmed does not protect the ice underneath it so effec- 
tually as the northeJn end. The table becomes inclined, 
and ends by sliding bodily off its pedestal. 

290. In the fignre opposite we have what may be <t;dled 



CLOUDS AND EIVEBS, ICE AND GLAC1EK8. ’ 115 

an ideal Table. The oblique lines represent the d»ection 
of the sunbeams, and the consequent tilting of thq table 
here shown resembles that observed upon the glaciers^ 
291. A pebble will not rise thus: like Franklin’s 
singje bit of cloth, a dark-coloured pebble sinks in the 
iee. A spot of black mould will not rest upon thife sur- 
face, but will sink ; and -various parts of the Glacier du 
Geant are honeycombed by the sinking of such spots of 
dirt into the ice. 

, 292. But when the dii-t is of a thickness suflBci^Sl to 

protect the ice the case is different. Sand is often 



crashed away by a stream from the mountains, or from 
the moraines, and strewn over certain spaces of the. 
' glacial A most curious action foUosvs t the sanded 
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Bur^ce rises, the part on which the sand lies thiclcest 
rising highest. Little peaks and eminences jut forth, 
and when the distribution of the sand is favourable, 
and the action sufficiently prolonged, you have little 
mountains formed, sometimes singly, and sometimes 
grouped so as to mimic the Alps themselves. The Sand 
Cones of the Mer de Crlace are not striking; but on 
the Gorner, the Aletsch, the Morteratsch, and other 
glaciers, they form Singly and in groups, reaching 
sometimes a height of ten or twenty feet. 

§ 44. The Glacier Mills or Moulins^ 

293. You and I have learned by long experience the 
character of the Mer de Glace. We have marched over 
it daily, with a definite object in view, but we have 
not closed our eyes to other objects. It is from side 
glimpses of things which are not at the moment occu- 
pying our attention that fresh subjects of enquiry arise 
in scientific investigation. 

294. Thus in marching over the ice near Tr^laporte 
we were often struck by a sound resembling low rumbling 
thunder. We subsequently sought out the origin of 
this sound, and found it. 

296. A large area of this portion of the glacier is 
unbroken. Driblets of water have room to form rills; 
xills to unite and form streams ; streams to combine to 
form rushing brooks, which sometimes cut deep chan 
}ids in the ice. Sooner or later these streams reach a 
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strained portion of the glacier, where a crack informed 
across the stream. A way is thns opened for the water 
to the bottom of the glacier. By long action the stream 
hollows out a shaft, the crack thus becoming the 
starting-point of a funnel of unseen depth, into which 
the water leaps with the sound of thunder. 

296. This funnel and its cataract form a glacier Mill 
or Motdin, 

297. Let me grasp your hand^finnly while you stand 
upon the edge of this shaft and look into it. The^bole, 
with its pure blue shimmer, is beautiful, but it is terjible. 
Incautious persons have fallen into these shafts, 
second or two of bewilderment being followed by sudden 
death. But caution upon the glaciers and mountains 
ought, by habit, to be madeU second nature to explorers 
like you and me. 

298. The crack in^ a which the stream first descended 
to form the moulin, moves down with the glacier. A 
succeeding portion of the ice reaches the place where 
the breaking strain is exerted. A new crack is then 
formed above the moulin, which is thenceforth for- 
saken by the stream, and moves downward as an empty 
shaft. Here upon the Mer de Glace, in advance of the 
Orand Moulin, we see no less than six of these forsaken 
holes. Some of them we sound to a depth of 90 feet. 

299. But you and I both wish to determine, if possible, 
the entire depth of the Mer de Glace. The Grand 
Moulin offers a chance of doing this which we must not 
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Our first effort to sound the moulin fails 
through the breaking of our cord by the impetuous 
plunge the water. A lump of grease in the hollow 
of a weight enables a mariner to judge of a sea bottom. 
We employ such a weight, but cannot reach the bed of 
the glacier. A depth of 163 feet is the utmost reached 
by our plu'mmet. 

300. From July 28 to August 8 we have watched the 
progress of the Gran^ Moulin. On the former date 
the^sition of the Moulin was fixed. On the Slst it 
had /noved down 60 inches ; a little more than a day 

^afterwards it had moved 74 inches. On August 8 it 
had moved 198 inches, which gives an average of about 
18 inchjes in twenty -four hours. No doubt next summer 
upon thh Mer de Glace a Grand Moulin will be found 
thundering near Tr41aporte; but like the crevasse of 
the Grand Plateau, already refeired to {§ 16), it will 
not *be onr Moulin. This, or rather the ice which it 
penetrated, is now probably more than a mile lower 
down than it was in 1857. • 

§ 46. The Changes of. Volume of Water hy Heat and Cold,. 

301. We have noticed upon the glacier shafts and 
pits filled with water of the most delicate blue. 
In some oases these have been the shafts of extinct 
moulins closed at the bottom. A iheoiy has been 
advanced to account for them, which, though it may 
be untenable, opens out considerations regarding the 
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properties of water that ought to he familiar to enquirers 
like you and me. 

‘802. In our dissection of lake ice by a beam of heat 
(§ 11) we noticed little vacuous spots at the centres'of 
the liquid flowers formed by the beam. These spots we 
referred to the fact that when ice is melted the water 
produced is less in volume than the ice, and«tha1f hence 
the water of the flower was not able to occupy the whole 
space covered by the flower. 

308. Let us more fully illustmte this subject. Stop 
a small flask water-tight with a cork, and throufffl* the 
cork introduce a narrow elass tube also water-tight. 
It is easy to fill the flask with water so that the liquid 
shall stand at a certain height in the glass tube. 

. 304. Let us now warm the flask with the flame of a 
spirit-lamp. On first applying the flame you notice 
a mon^entary sink^q,*^ of the liquid in the glass tube. 
This is due to the momentary expansion of the* flask 
by heat ; it becomes suddenly larger when the flame 
is first applied. 

805. But the expansion of the water soon overtakes 
that of the flask and surpasses it. We immediately see 
the rise of the liquid column in the glass tube, exactly 
as mercury rises in the tube of a warmed thermometer. ' 

806. Our glass tube is ten inches long, and at starting 
the water stood in it at a height of five inches. We 
will apply the spirit-lamp flame until the water rises 
^uite to the top of the tube and trickles over., This 
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^xperiiqi^eiit suffices to show the expansion of the water 
hj heat. 

307. We now take a common finger-glass and put 
into it a little pounded ice and salt. On this we place 
the flask, and then build round it the freezing mixture. 
The liquid column retreats down the tube, proving the 
contrdcticm of the liquid by cold. We allow the shrinking 
to continue for some minutes, noticing that the down- 
ward retreat of the liquid becomes gradually slower, 
and that it finally ceases altogether. 

STfe. Keep your eye upon the liquid column; it 
remains quiescent for a fraction of a minute, and then 
moves once mdre. But its motion is now 'upwards 
instead of downwards. TJte freezvng mixture now acts 
exactly Uhe the flame., • 

309. It would not be difficult to pass a thermometer 
through the cork into the flask, and it would tell us the 
exact temperature at which the liquid ceased to contract 
and began to expand. At that moment we should find 
the temperature of the liquid a shade over 39® Fahr. 

310. At this temperature, then, ^/^ter attains iU maxi- 
m'um density, 

311. Seven degrees below this temperature, or at 32® 
Fahr., the liquid begins to turn into solid crystals of ice, 
which you know swims upon water because it is bulkier 
for a given weighti In fact, this halt of the approaching 
molecules at the temperature of 39®, is but the prepara- 
tion for the subsequent act of crystallisation, in which 
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ihe expansion by cold culminates. Up to th^ point of 
solidification the increase of volume is slow and gradual ; 
while in the act of solidification it is sudden, and of 
overwhelming strength. 

312. By this force of e:q>ansionthe Florentine Aoade-* 
micians long ago burst a sphere of copper nearly three 
quarters of an inch in thickness. By th^ same force 
the celebrated astronomer Huyghens burst in 1667 iron 
cannons a finger breadth tlj^ck. Such experiments 
have been frequently made since. Major Williams 
during a severe Quebec winter filled a mor^ with 
water, and closed it by driving into its muzzle a 

pf wood. Exposed to a temperature 60® Eahr. below 
the freezing point of water, the metal resisted the 
strain, but the plug gavn way, being projected to a 
distance of 400 feet. At Warsaw howitzer shells 
have been thus ej^loded; and you and I have shi- 
vered thick bomb-shells to fragments, by placing them 
for half an hour in a freezing mixture. 

313. The theory of the shafts and pits referred to 
at the beginning pf this section is this: — The water 
at the surface of the shaft is warmed by the sun, ^ay to 
a temperature of 39® Eahr. The water at the bottom^ 
in contact with the ice, must be at 32® or near it. The 
heavier water is therefore at the top ; it will descend 
to the bottom, melt the ice there, and thus deepen the 
shaft. 

314. The circulation here referred to undoubtedly 
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goes on,^nd some curious effects are due to it; but 
not, I think, the one here ascribed to it. The deepening 
of tkjmA&j ipiplies a quicker melting of its bottom than 
surface of the glacier. It is not easy to see how 
^he fact of the solar heat being first absorbed by water, 
and then conveyed by it to the bottom of the shaft, 
should makg the melting of the bottom more rapid than 
that of the ice which receives the direct impact of 
the solar rays. The surface' of the glacier must sink 
at least as rapidly as the bottom of the pit, so that 
the ci^ulation, though actually existing, cannot produce 
effect ascribed to it. 


§ 46. Comequences flowing from the foregoing Properties 
of Water. Correction of Errors. 

315. I was not much above your age when the 
propeHy of water ceasing to contract by cold at a 
temperature of 39° Fahr. was made known to me, and I 
still remember the impression it made upon me. For 
I was asked'to consider what would occur in case this 
solitary exception to an otherwise universal law ceased 
to exist. 

316. I was asked to reflect upon the condition of a 
lake stored with fish and offering its surface to very 
cold air. It was made clear to me that the water on 
being first chilled would shrink in volume and become 
heavier, that it would therefore sink and have its place 
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supplied by. tbe warmer and lighter water Ji'om the 
deeper portions of the lake. 

317. It was pointed out to me that without the law 
referred to this process of circulation would go on until 
the whole water of the lake had been lowered to the 
freezing temperature. Congelation would then begin, 
and would continue as long as any water reihained to be 
solidified. One consequence of this would be to destroy 
every living thing contained in ^le lake. Other calamities 
were added, all of which were said to be prevented by 
the perfectly exceptional arrangement, that afte|j a cer- 
tain time tbe colder water becomes the lighter , flgat® 
on the surface of the lake, is there congealed, thus 
throwing a protecting roof over the life below. 

318. Count Rumford, oife of the most solid Of scientific 
men, writes in the following strain about this question : 
— ‘ It does not appijx to me that there is anything 
which human sagacity can fathom, within the* wide- 
extended bounds of the visible creation, which affords a 
more striking or more palpable proof of the wisdom of 
the Creator, and of the special care He has taken in the 
general arrangement of the universe, to preserve animal 
life, than this wonderful contrivance. 

319. ‘ Let me beg the attention of my readers while I 
endeavour to investigate this most interesting subject ; 
and let me at the same time bespeak his candour and 
indulgence. I feel the danger to which a mortal ex- 
poses himself who has the temeritjr to explain the designs 



124 


THE FORMS OF WATER IN 


of Infinite Wisdom. The enterprise i& adventurous, 
but it surely cannot be improper. 

320. * Had not Providence interfered on this occasion 
in a manner which may well be considered as miracu- 
lous, all the fresh water within the polar circle must 
inevitably have been frozen to a very great depth in 
winter, and “every plant and tree destroyed.’ 

321. Through many pages of his book Count Eumford 
continues in this strain ^o expound the ways and in- 
tf^ntions of the Almighty, and he does not hesitate to 
apply yery harsh words to those who cannot share his 
.notions. He calls them hardened and degraded. We 
are here warned of the fact, which is too often for- 
gotten, that the pleasure or comfort of a belief, or the 
warmth 01 * exaltation of feeling which if produces, is no 
guarantee of its truth. For the whole of Count Rum- 
ford’s delight and enthusiasm in connexion with this 
Bubjec't, and the whole of his ire against those who did 
not share his opinions, were founded upon an erroneous 
notion. 

322. Water iswof a solitary exception to an otherwise 
general hxw. There are other molecules than those of 
this liquid which require more room in the solid crys- 
talline condition than in the adjacent molten condition. 
Iron is a case in point. Solid iron floats upon molten 
iron exactly as ice floats upon water. Bismuth is a still 
more impressive case, and we could shiver a bomb as 
certainly by the solidification of bismuth as by that 
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of water. There is no fish to be taken ear? of here, 
still the ‘ contrivance ’ is the same. 

323. I am reluctant to mention them in the same 
breath with Coiint Rumford, but I am told that in our 
own day there are people who profess to find the comforts 
of a religion in a superstition lower than £iny Jthat has 
hitherto degraded the civilized human mind. So that 
the happiness of a faith and the truth of a faith are two 
totally different things. 

324. Life and the conditions of life are in tjpeessary 
hax’mony. This is a truism, for without the suitable 
conditions life could not exist. But both life anck its 
conditions set forth the operations of inscrutable Power. 
We know not its origin ; we know not its end. And 
the presumption, if not the degradation, rests with 
those who place upon the throne of the xniiverse a 
magnified image of themselves, and make its jJoings 
a mere colossal imitation of their own. 

§ 47. The Molecular Mechanism of Water-congelation. 

325. But let us return to our science. ITow are we 
to picture this act of expansion on the part of freezing 
water ? By what operation do the molecules demand 
with such irresistible emphasis more room in the solid 
than in the adjacent liquid condition ? In all cases of 
this kind we must derive our conceptions from the 
world of the senses, and transfer them afterwards to a 
world transcending the range of the senses. • 
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320J yiiu have not forgotten our conversation re- 
garding * atomic poles ’ (§ 10), and how the notion 
of jiolar force came to* be applied to crystals. With 
' .this fresh in your memory, you will have no great diffi- 
culty in understanding how expansion of volume may 
accompany tlie act of crystallisation. 

327. I place a number of magnets before you. They, 
as matter, are afibeted by gravity, and, if perfectly free, 
they would move towards each other in obedience to 
the attrfjjCtiou of gravity. 

328. ' But they are not only matter, but magnetic 
matter. They not only act upon each other by the 
simple force of gravity, but by the polar force of 
magnetism. Imagine them placed at a distance from 

A « 

each other, and perfectly free to move. Gravity first 
makes itself felt and draws them togetlier. For a time 
the magnetic force issuing from the poles is insensible ; 
but when a cei'tain nearness is attained, the polar force 
comes into play. The mutually attracting points close 
up, the mutually repellent points retreat, and it is easy 
to see that this action may produce an arrangement of 
the magnets which requires more room. Suppose them 
surrounded by a box which exactly encloses them at 
the moment the polar force first comes into play. It 
is easy to see that in arranging themselves subsequently 
the repelled corners and ends of the magnets may be 
caused to press against the sides of the box, and even 
to burst it, if the forces be sufficiently strong. 
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329. Here then we have a conception winch may 
be applied to the molecules of water. They, like the 
magnets, are acted upon by two distinct forces. For a 
time while the liquid is being cooled they approach 
each other, in obedience to their general attraction for 
each other. But at a certain point new forces, some 
attractive, some repulsive, emanating from special points 
of the molecules, come into play. The attracted points 
close up, the repelled points fetrt^at. Thus the mole- 
cules turn and rearrange themselves, demanding, as 
they do so, more space, and ovei’coining all oifl.inary 
resistance by the energy of their demand. This,* in - 
general terms, is an explanation of the expansion of 
water in solidilying : it wquld be easy to oopstruct an 
apparatus foi its illustration. 

§ 48. The Dirt Bands of the Mer de Glace. 

330. Pass from bright sunshine into a moderately 
lighted room ; for a time all appears so dark that the 
objects in the room are not to be clearly distinguished. 
Hit violently by the waves of light (§ 3) the optic nerve 
is numbed, and requires time to recover its sensitiveness. 

331. It is for this reason that I choose the present 
hour for a special observation on the Mer de Glace. 
The sun has sunk behind the ridge of Charmoz, and the 
surface of the glacier is in sober shade. The main 
portion of our day’s work is finished, but we have still 
sufficient energy to climb the slopes adjacent to the 
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Moiitanfert to a height of a thousand feet or thereabouts 
above the ice. ^ 

882. We now look fairly down upon the glacier, and 


/ 



iwitle»fo^ortenedthanftomtheMontaj,vert. Wa 

«>%» tte to orerspreadm* its eutem side, due to 
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the crowding together of its medial moraines. 'W e see 
the comparatively clean surface of the Glacier du 
Geant ; but we notice upon this surface an ap- 
pearance which we have not hitherto seen. It is 



crossed by a series of grey bent bands, which follow 
each other in succession, from Trelaporte downwards. 
We count eighteen of these from our present^ position. 
(See sketch, page 128.) 

K 
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SSS.mhese are the Dirt Bands of the Mer de Glace ; 
they were first observed by Professor Forbes in 1842. 

334. They extend down the glacier further than we 
can see ; and if we' cross the valley of Chainouni, and 



climb the mountains at the opposite side, to a point 
near the ‘little auberge, called La Flegere, we shall 
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command a view of the end of the glacier and obsevve the 
completion of the series of bands. We notice that they 
are confined throughout to the portion of the glacier 
derived from the Col du Geant. (See sketch, page 12t>.) 

335. We must trace them to their source. Yon 
know how noble and complete a view is obtained of the 
glacier and Col d'u G^ant from the Clefb Station above 
Ti-elapoi'te. Thither we must once more climb; and 
thence we can see the successio*i of bands stretching 
downwards to the Moiitanvert, and upwards to the base 
•of the ice-cascade upon the Glacier du Geant. #The 
<’ascade is evidently concerned in their formation. (Soia 
sketch opposite.) 

330. And how? Simply enough. The glacier, as 
we know, is broken transveilsely at the summit of the 
ice-fall, and descends the declivity in a s«*vies of great 
transverse ridges. At the base of the fall, the chasms 
are closed, but the ridg(‘s in part remain forming 
protuberances, which run like vasj^ wrinkles across 
the glacier. These protuberances are more and more 
bent because of the quicker motion of the centre, and 
the depressions between them form receptacles for the 
fine mud and debris washed by the little rills from the 
adjacent slopes. 

337. The protuberances sink gradually through the 
wastiiig action of the sun, so that long before Trelaporte 
ik reached they have wholly disappeared. Not so the 
dirt of which they were the collectors : it continues to 
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occupy*, in transverse bands, the flat surface of the gla- 
cier. At Trelaporte, moreover, where the valley becomes 
narrow, the bands are much sharpened, obtaining there 
the character which they afterwards preserve through- 
out the Mer de Glace. Other glaciers wdth cascades 
also exhibit similar bands. 

§ 49. Sea Ice and Icebergs. 

338. We are now equipj^ed intellectually for a cam- 
paign into another territory. Water becomes heavier^ 
and' more difficult to freeze when salt is dissolved in it. 
8ea water is therefore heavier than fresh, and the 
Greenland Ocean requires to freeze it a temperature 

deg«ies lower than fresh water. When concentrated 
till its specific gravity reaches 1’1045, sea water re- 
quires for its congelation a temperature 18^ degrees 
htwer thaii the ordinary freezing-point.* 

339. But even when the water is settu’ated with salt, 
the crystallising force studiously rejects the salt, and 
devotes itself to the congelation of the water alone. 
Hence the ice of sea water, when melted, produces 
fresh water. Tlie only saline particles existing in such 
ice are those entangled mechanically in its pores. They 
have no part or lot in the structure of the crystal. 

340. This cxclnsii-cness, if I may use the term, of the 
water molecules ; this entire rejection of all foreign 


* Scorcsby, 
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elements from the edifices which tiiey build, is ettforced 
to a surprising degree. Sulphuric acid has so strong 
afi affinity for water that it is one of the most powerful 
agents known to the chemist for the removal of humidity 
from air. Still, as shown by Faraday, when a mi?;ture 
of sulphuric acid and water is frozen, the crystal flpnned 
is perfectly sweet and free from aeidit 3 ^ Tlie water 
alone has lent itself to the crystallising force. 

341. Every winter in the J^etic regions the sea 
freezes, roofing itself with ice of enormous thickness 

’ and vast extent. By the summer heat, and the tossing 
of the waves, this is broken up ; the fragments a»e 
di'ifted by winds and borne by currents. They clash, 
they crush each other, they pile thejnselves into heaps, 
thus constituting the eliief danger encountered by 
mariners in the polar seas. 

342. But among the drifting masses of flat sea-ice, 
vaster masses sail, which spring from a totally diff'erent 
source. These are the Icebergs of the Arctic seas. They 
rise sometimes to an elevation of hundreds of feet above 
the water, while the weight of ice submerged is about 
seven times that seen above. 

343. The first observers of striking natural pheno- 
mena generally allow wonder and imagination more 
than their due place. But tO’ exclude all eri*or aidsing 
from this eause, I will refer to the journal of a cool and 
intrepid Arctic navigator. Sir Leopold McClintock. He 
describes an iceberg 250 feet high, which was 'aground 
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in 600* feet of water. This would make the entire 
height of the berg 750 feet, not an unusual altitude for 
the greater icebergs. 

344. From Baffin’s Bay these mighty masses come 
sailing down through Davis’ Straits into the broad 
Atlantic. . A. vast amount of heat is demanded for the 
simple liquefaction of icc (§ 48) ; and the melting of 
icebergs is on this account so slow, that when large 
tliey sometimes maintain themselves till they have been 
driftcyl 2000 miles from their place of birth. 

3^5. What is their origin? The Arctic glaciers.' 
From the mountains in tlie interior the indurated snows 
slide into the valleys and fill them with ice. The 
glaciers^ thus formed move like the Swiss ones, inces- 
santly downward. But the Arctic glaciers reach the 
sea, enter it, often ploughing up its bottom into sub- 
mai^iue moraines. Undermined by Ihe lapping of the 
waves, and unable to resist the strain imposed by their 
own weight, thty break across, and f^ischarge vast 
masses into the ocean. Some of these run aground on 
the adjacent shores, and often maintain themselves for 
years. Others escape soutliward, to be finally dissolved 
in the warm waters of the Atlantic. The first engra- 
ving on the opposite page is copied from a photograph 
taken by Mr. Bradford during a recent expedition to the 
JIToithern seas. The second represents a mass of ice 
upon the Glacier des Bossons. Their likeness suggests 
their coihmon origin. 
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§ 50. The JEgguchhom, the Mdrgelin See and its 
Icebergs. 


346. I am, however, unwilling that you should quit 
Switzerland without seeing such icebergs as it can show, 
and induced there are other still nobler glaciers than the 
Mer de Glace witli which you ought to be acquainted. 
In tracing the Rhone to its source, you have already 
ascended the valley of the Rhone. Let us visit it again 
together ; halt .at the little town of Viesch, and go from 
it straight up to the excellent hostelry on the slope of 
th^s JEggischhorn. This we shall make our head-quarters' 
while we explore that monarch of European ice-streams, 
— the great Aletsch glacier. 

347. Including the longest of its branches, this noble 


ice-river is .about twenty miles long, while at the middle 
of its trunk it measures nearly a mile and a quarter from 
side to side. The grandest mountains of the Bernese 
Oberland, the Jtnigfrau, the Monch, the Trugberg, the 
Aletschhorn, the Breithorn, the Gletscherhorn, and 


many another noble peak and ridge, are the collectors 
of its neves. From three great valleys formed in the 
heart of the mountains these neves are poured', uniting 
together to form the trunk of the Aletsch at a place 
named by a witty mountaineei*, the ‘ Place de la Concorde 
of Nature.’ If the phrase be meant to convey the ideas 
of tranquil grandeur, beauty of form, and purity of hue, 
it is well bestowed. 
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348. Our hotel is not upon the peak of the JEggisch- 
liorn, but a brisk morning walk soon places us upon the 
top. Thence we see the glacier like a broad river 
stretching upwards to the roots of the Jungfrau, and 
downwards past the Bel Alp towards its end. Pro- 
longing the vision downwards, we strike the noblest 
mountain group in all the Alps, — the Dom and its 
attendant peaks, the Matterhorn and the Weisshorn. 
The scene indeed is one of impressive grandeur, a mul- 
titude of peaks and crests hoi*e unnamed contributing 
to its glory. 

349. But low down to our right, and surrounded by 
the sheltering mountains, is an object the b(‘auty of 
which startles those who are unprepared for it. Yonder 
we see the naked side of the glacier, exposing glistening 
ice-cliffs sixty or seventy feet high. It would seem as 
if the Aletsch here were engaged in the vain attempt 
to thrust an arm through a lateral valley. It once did 
so ; but the arm is now incessantly broken off close to 
the body of the glacier, a great space formerly covered 
by the ice being occupied by its Avater of liquefaction. 
A lake of the loveliest blue is thus formed, which 
reaches quite to the base of the ice-cliffs, saps them, 
as the Arctic waves sap the Greenland glaciers, and 
receives from them the broken masses which it hsis 
undermined. As we look down upon the lake, small 
icebergs sail over the tranquil surface, each resembling 
a snowy swan accompanied by its shadow. • 
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360. This is. the beautiful little lake of Milrgelin, or, 

as the Swiss here call it, the Margelin See. You see 

that splasb,/and immediately afterwards hear the sound 

of the 2>lunging ice. The glacier has broken before our 

eyes, and droplied an iceberg into the lake. All oyer 

the lakej.lie water is set in commotion, thus illustrating 

on a small scale the swamping waves produced by the 

descent of vast islands of ice from the Arctic glaciers. 

Look to the end of the L«ke. It is cumbered with the 

I'cinnauts of icc^bergs now aground, which have been in 
» , 
part wafted thither by the wind, but in part slowly borne 

by the water which moves gently in this direction. 

351. Imagine us below ujwn the margin of the lake, 
as I hai^pened to be on one occasion. There is one 
large and 'lonely iceberg about the middle. Suddenly 
a sound like that of a cataract is heard ; we look towards 
the iceberg and see water teeming from its sides. 
Whence comes the water? the berg has become toj)- 
heavy through the melting underneath ; it is in the act 
of performing a somersault, and in rolling over carries 
with it a vast (pmutity of water, which rushes like a 
waterfall <lown its sides. And notice that the iceberg, 
which a moment ago was snOwy-white, now exhibits the 
delicate blue colour characteristic of compact ice. It will 
soon, however, be rendered white again by the action 
of the sun. The vaster idbbergs of the Northern seas 
sometimes roll over in the same fashion. A week may 
be spent with delight and profit at the .^ggischhom. 
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§ 51. The Bel Alp, 

i>52. From the jEggisclihorn I might lead you along 
the mountain ridge by the Betten See, thetish of wliieli 
we have already tasted, to the Kieder Alp, and thoneo 
across the Aletsch to the Bel Alp. Tins’ is a ^ne moun- 
tain ramble, but you and 1 2>refer making tlie glacier 
our highway downwards.. Easy' at some 2)laces, it is 
by no means child’s jday at ®thers to unravel its cre- 
vass('s. But the steady constancy and (rlose observation 
wdiich we have hitherto found availing in dihituJt ])laces 
do not forsake us here. We clear the tissures ;• and, 
after four hours of exhilarating w'ork, we find ourselv<*s 
ni)on the slope leading uj) to the Bel Alp hotel. 

353. This is one of the finest halting-pfaces in the 
Alps. Stretching before us uj) to the iEggischhorn 
and Miirgelin See is the long last reach of the Aletsch, 
with its great medial moraine running along its back. 
At hand is the wild gorge of the Massa, in which the 
snout of the glacier lies couched like the head of a 
serjient. The beautiful sy'stem of the Oberaletsch glaciers 
is within easy reach. Above us is a peak called the 
Sparrenhorn, accessible to the most moderate climber, 
and on the summit of which little more than an hour’s 
exertion will place you and me. Below us now is the 
Oberaletsch glacier, exhibiting the most jierfect of medial 
moraines. Near ns is the great mass of the Aletsch- 
hom, clasped by its n6ves, and culminatiftg in brown 
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rock. It is supported by other peaks almost as noble 
as itself. The Nesthom is at hand ; while sweeping 
round to the west we strike the glorious triad already 
referred to, the Weisshorn, the Matterhorn, and the 
Dom. Take one glance at the creyasses of the glacier 
immediately below us. It tumbles at its end down a 
steep incline, and is ^eatly riven. But the crevasses 
open before the steep part is reached, and you notice 
the coalescence of marginal and transverse crevasses, 
producing a system of curved fissures with the convex- 
ities of «the curves pointing upwards. The mechanical 
reason of this is now known to you. The glacier-tables 
are also numerous and fine. I should like to linger 
with you here for a week, exploring the existing glaciers, 
and traeing‘out the evidences of others tliat have passed 
awav. 

< § 52. The Riffelherg and Garner Glacier. 

864. And though our measurementaand observations 
on the Mer de Glace are more or less representative of 
all that can be made or solved elsewhere,. I am unwilling 
to leave you unacquainted with the great system of 
glaciers which stream from the northern slopes of 
Monte Bosa and the adjacent mouxktains. From the 
Bel Alp we can descend to Brieg, and thence drive to 
Visp ; but you and I prefer the breezy heights, so we 
sweep round the promontory of the Nessel, until we 
stand over the Ehone valley, in front of Visp. From 
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this village an hour’s walking carries us to Stalden, 
where the valley divides into two branches: the one 
leading through Saas over the Monte Moro, and the 
other through St. Nicholas to Zermatt. The latter is 
our route. 

355. We reach Zermatt, but do not halt there. On 
the mountain ridge, 4,000 feet above tte valley, we 
discern the Riffelberg hotel. This we reach. Eight in 
front of us is the pinnacle# of the Matterhorn, upon 
the top of which it must appear incredible to you 
that a human foot could ever tread. Constasicy and 
skill, however, accomplished this, but in the first in- 
stance at a terrible price. In the little churchyard 
of Zermatt we have seen the graves of two of the 
greatest mountaineei's that Savoy and England have 
produced; and who, with two gallant young com- 
panions, fell from the Matterhorn in 1865. 

356. At the Eiffelberg we are within an hour’s walk 
of the famous Gomer Grat, which commands so grand 
a view of the glaciers of Monte Eosa. But yonder huge 
knob of perfectly bare rock, which is called the Eiflfel- 
hom, must be our station. What the Cleft Station is 
to the Mer de Glace, the Eiffelhom is to the Gbmer 
glacier and its tributaries. From its lower side the 
rock, easy as it may seem, is inaccessible. Here, indeed, 
in 1865, a fifth good man met his end, and he also lies 
beside his fellow countrymen in the churchyard of Zer- 
matt. Passing a little tarn, or lake, called the Eiffel See, 
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Vie assail tlie Biffelhom on its tipper side. It is capital 
rock>practlce to reach the summit; and from it wo 
command a most extraordinary scene. 

857. The huge and many-peaked mass of Monte 
Bosa faces us, and we scan its snows from bottom to 
top. To^the right is the mighty ridge of the Lyskamm, 
also laden with snow; and between both lies the 
Western Glacier of Monte Bosa. This glacier meets 
another from the vast snow-fields of the Cima di Jazzi ; 
they join to form the Gomer glacier, and from their place 
of junction stretches the customary medial moraine. 
On this side of the Lyskamm rise two beautiful snowy 
eminences, the Twins Castor and Pollux ; then come 
the brown crags of the Breithom, then the Little Mat- 
terhorn, aiid then the broad show- field of theTh^odule, 
out of which springs the Great Matterhorn, and which 
you and I will cross subsequently into Italy. 

358.' The valleys and depressions between these moun- 
tains are filled with glaciers. Down the flanks qf the 
Twin Castor comes the Glacier des Jumeaux, from Pollux 
, comes the Schwartze glacier, from the Breithom the 
Trifbi glacier, then come the Little Matterhorn glacier 
and the Th^odule glacier, each, as it welds itself to the 
trunk, carrying with it its medial moraine. We can 
5ount nine such moraines from our present position. 
And to a still more surprising degree than on the Mer 
de Glace, we notice the power of the ice to yield -to 
pressure ; the broad n4v<^s being squeezed on the trunk 
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of the Gorner into white stripes, which become ever 
narrower between their boundii^ moraines, and finallj 
disappear under their own shingle. 

359. On the two main tributaries we aJsfO notice 
moraines which seem in each case to rise from the 
body of the glacier, appearing in the nyddle of the 
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ice without any apparent origin higher up. These 
at their sources, are sub-glacial moraines, which have 
been rubbed away from rocky promontories entirely 
' covered with ice. They lie hidden for a time in the 
body of the glacier, and appear at the surface where 
the iee above them- has been melted away by the sun. 
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360. This is the place to mention a notion long 
entertained by the inhabitants of the high Alps, that 
glaciers possess the power of thrusting out all impu- 
rities from them. On the Mer de Glace you and I 
have noticed large patches of clay and black mud which 
evidently came from the body of the glacier, and we can 

T/ 

therefore understand how natural was this notion of 
extrusion to people unaccustomed to close observation. 
But the power of the glacier in this respect is in reality 
the power of the sun, which fuses the ice above con- 
cealed <! nii»urities, and, like the bodies of the guides on 
the< Glacier des Bossons (143), brings them to the light 
of day. 

361. On no other glacier will you find more objects 
of interest than on the Gorher. Sand coiies, glacier- 
tables, deep ice gorges cut by streams and bridged fan- 
tastically by boulders, moulins, sometimes arched ice- 
cavenis of extraordinary size and beauty. On the lower 
part of the glacier we notice the partial disappearance of 
the medial moraine in the crevasses, and its reappear- 
ance at the foot of the incline. For many years this 
glacier was steadily advancing on the meadow in front 
of it, ploughing up the soil and overturning the chalets 
in its way. It now shares in the general retreat exhi- 
bited during the last fifteen years among the glaciers 
of the Alps. As usual, a river, the Visp, rushes from 
a vault at the extremity of the Gorner glacier. 
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§ 53. Ancient Glaciers of Switzerland. 

362. You liave not lost the memory of the old 
Moraine, which interested us so much in our first ascent 
from the source of the Arveiron ; for it opened our 
minds to the fact that at one period of its Jbistpry the 
Mer de Glace attained far greater dimensions than it 
now exhibits. Our experience since that time has 
enabled us to pursue these evid<*nces of ice action to au 
extent of which we had then no notion. 

363. Close to the existing glacier, for exampjte, wo 
have repeatedly seen the mountain side laid bare by the 
retreat of the ice. This is especially conspicuoiis just 
now, because for the last fifteen or sixteen ^ears the 
glaciers of the Alps have been steadily shrinking; so 
that it is no uncommon thing to see the marginal rocks 
laid bare for a height of fifty, sixfy, eighty, or even one 
hundred feet above the present glacier. On the rocks 
thus exposed we see the evident marks of the sliding ; 
and our eyes and minds have been so educated in the 
observation of these appearances that we are now able 
to detect, with certainty, icemarks, or moraines, ancient 
or modem, wherever they appear. 

364. But the elevations at which we have found such 
evidence might well shake belief in the conclusions to 
which they point. Beside the Massa Gorge, at 1,000 
feet above the present Aletsch, we found a great old 
moraine. Descending the meadows between th6 Bel Alp 

L 
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and Flatten, we found another, now clothed with grass, 
and bearing a village on its back. But I wish to carry 
you to a region which exhibits these evidences on a 
still grander and more impressive scale. We have 
already taken a brief flight to the valley of Hasli and 
the Glqjcier of the Aar. Let us make that glacier our 
starting-point. Walking from it downwards towards 
the Grimsel, we pass everywhere over rocks singularly 
rounded, and fluted, and scarred. These appearances 
are manifestly the work of the glacier in recent times. 
But we approach the Grimsel, and at the turning of 
the valley stand before the precipitous granite flank of 
the mountain. The traces of the ancient ice are here 
as plain as they are amazing. The rocks are so hard 
that not only the fluting and polishing, but even the fine 
scratches which date back unnamable thousands of 
years are as evident as if they had been made yester- 
day. We may trace these evidences to a height of two 
thousand feet above the present valley bed. It is in- 
dubitable that an ice-river of this astounding depth 
once flowed through the vale of Hasli. 

3G5. Yonder is the summit of the Siedelhorn ; and 
if we gain it, the Unteraar glacier will lie like a map 
below us. From this commanding point we plainly see 
marked upon tlie mountain sides the height to which 
the ancient ice extended. The ice-ground part of the 
mountains is clearly distinguished fi’om the splintered 
crests which in those distant days rose above the surface 
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of the glacier, and which must have then appeared as 
island peaks and crests in the midst of an ocea^ of ice. 

366. We now scamper down the Siedelhorn, get once 
more into the valley of Hash, along which we follow 
for more than twenty miles the traces of the ,ice. Fluted 
precipices, polished slabs,' an^i beautifully -rounded 
granite domes. Right and left upon the mountain 
flanks, at great elevations, the evidences appear. We 
follow the footsteps of the ghicier to the Lake of, 
Brientz ; and if wo prolonged our enquiries, we ghould 

•Ibarn that all the lake beds of this region, at the •time 
flow referred to, bore the burden of immense masses 
of ice. 

367. Instead of the vale of Hasli, we might take the 
valley of the Rhone. The traces of a mighty glacier, 
which formerly filled it, may be followed all the way to 
Maidiiguy, which is 60 miles distant from the present 
ice. At Mai’tigny the Rhone glacier was reinforced bj’ 
another from Mont Blanc, and the welded masses 
moved onward, planing the mountains right and left, to 
the Lake of Geneva, the basin of which they entirely 
filled. Other evidences prove that the glacier did not 
end here, but pushed across the low country until it 
encountered the limestone barrier of the Jura Moun- 
tains. 

§ 54. Erratic Blochs. 

368. What are these other evidences? We have 
seen mighty rocks poised on the moraines of Ihe Mer 
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de Glace, and we now know that, unless they are split 
and shattered by the frost, these rocks will, at some 
distant day, be landed bodily by the Glacier des Bois 
in the valley of Chanionni. Yon have already learned 
that these boulders often reveal the mineral ogical nature 
of the ;!nOT:i^ntains among which the glacier has passed;’ 
that specimens are thus bi'ought down of a charactei 
totally different from the rocks among which they are 
^finally landed; this ie strikingly the ease with the 
erratic hlocTcs stranded along the Jura. 

360. Bor the Jura itself, as already stated, is lime-’" 
stone ; there is no trace of native granite to be found 
amongst these hills. Still along the breast of the 
mountain above the town of Neufchatel, and at about 
800 feet above the lake of l^Teufchatel,’ we find stranded ■ 
a belt of granite boulders from Mont Blanc. And when 
we clear the soil away from the adjacent mountain side, 
we find upon the limestone rocks the scarrings of the 
ancient glacier which brought the boulders here. 

370. The most famous of these rocks, called the 
Pierre a Bot, measures 50 feet in length, 40 in height, 
and 20 in width. Multiplying these three numbers 
together, we obtain 40,000 cubic feet as the volume of 
the boulder. 

371. But this is small compared to some of the 
rocks which constitute the freight of even recent 
glaciers. Let os visit another of them. We have 
already been to Stalden, where the valley divides into 
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two branches, the right branch running to St. Nicholas 
and Zermatt, and the left one to Saas and tlie Monte 
Moro. Three hours above Saas we come upon the end 
of the Allelein glacier, not filling the main valley, but 
thrown athwart it so as to stop its drainage like a dam. 
Above this ice-dam we have the Mattmarl^ Lake, and 
at the head of the lake a small inn well known to 
travellers over the Monte Moro. 

^72. Close to this inn is thb greatest boulder that 
Jive have ever seen. It measures 240,000 cubie feet. 
Looking across the valley we notice a glacier with its 
l)resent end half a mile from the boulder. The stohe, 
I believe, is serpentine, and were you and I to ex- 
plore the Schwai'tzberg glacier to its upper fsj,stnesses, 
we should find among them the birthplace of this 
■gigantic stone. Pour-and-forty years ago, when the 
glacier reached the place now occupied by the boqldei’, 
it landed there its mighty freight, and 'then retreated: 
There is a second ice-borne rock at hand which would be 
considered vast were it not dwarfed by the aspect of its 
huger neighbour. 

073. Evidence of this kind might be multiplied to any 
extent. In fact, at this moment, distinguished _men, 
like Professor Favre of Geneva, are determining from 
the distribution of the erratic blocks the extent of the 
ancient glaciers of Switzerland. It was, however, an 
engineer named Venetz that first brought these evidences 
to light, and announced to an incredulous world thy 
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vast extension of the ancient ice. M. Agassiz after- 
wards developed and wonderfully expanded the dis- 
covery. Perhaps the most interesting observation 
regarding ancient glaciers is that of Dr. Hooker, 
who, during a recent visit to Palestine, found the 
celebrated /Cedars of Lebanon growing upon ancient 
moraines. 

§ 65. Ancient Glaciers of England, Ireland, Scotland, 

and Wales. 

% 

374t At the time the ice attained this extraordinaiy, 
development in the Alps, many other portions of Europe, 
where no glaciers now exist, were covered with them. 
In the Highlands of Scotland, among the mountains of 
England, Ireland, and Wales, the ancient glaciers have 
written their story as plainly as in the Alps themselves. 
I shojild like to wander with y^u through Borrodale in 
Cumberland, or thi’ough the valleys near Bethgellert in 
Wales. Under all the beauty of the present scenery we 
should discover the memorials of a time when the whole 
region was locked in the embrace of ice. Professor 
Bamsay is especially distinguished by his writings on 
the ancient glaciers of Wales. 

375. We have made the acquaintance of the Reeks 
of Magillicuddy as the great condensers of Atlantic 
vapour. At the time now referred to, this moisture 
did not f|^ as soft and fructifying rain, but as snow, 
which formed the nutriment of great g^laciera. A chain 
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of lakes now constitutes tlie chief attraction of Killamey, 
the Lower, the Middle, and the Upper Lake. Let us 
suppose ourselves rowing towards the head of the Upper 
Lake with the Purple Mountain to our left. Remem- 
bering our travels in the Alps, you would infallibly call 
my attention to the planing of the rocks, and declare 
the action to be unmistak.ably that of glaciers. With 
our attention thus sharpened, we land at the head of 
the lake, and walk up the Blaask Valley to the base of 
Magillicuddy’s Reeks. Your conclusion would be, that 
this valley tells a tale as wonderful as that of lt%sli. 

376. We reach oar boat and row homewards along^the 
Upper Lake. Its islands now possess a new interest 
for us. Some of them are bare, others are covered 
wholly or in part with luxuriant vegetation ; bi’it both the 
naked and clothed islands are glaciated. The weather- 
ing of ages has not altered their forms : there are the 
Cannon Rock, the Giant’s Coffin, the Man of War, all 
sculptured as if the chisel had passed over them in our 
own lifetime. These lakes, now fringed with tender 
woodland beauty, were all occupied by the ancient ice. 
It has disappeared, and seeds from other regions have 
been wafted thither to sow the trees, the shrubs, the 
ferns, and the grasses which now beautify Killamey. 
Man himself, they say, has made his appearance in the 
world since that time of ice ; but of the real period and 
manner of man’s introduction little is professed to be 
known since, tp make them square with science, new 
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meanings have been found for the beautiful myths and 
stories of the Bible. 

377. It is the nature and tendencj* of the human 
mind to look backward and forward ; to endeavour to 
restore the past and predict the future. Thus endowed, 
from data patiently and painfully won, we recover in 
idea a statd of things which existed thousands, it may 
be millions, of years before the history of the human 
race began. 


§ 56. The Glacial JFlpoch. 

378. This period of ice-extension has been named the 
Glacial Epoch. In accounting for it great minds have 
fallen into grave eiTors, as we shall presently see: 

379. The substance on which we have thus far been 
working exists in three difterent states : as a solid in 
ice; as a liquid in water; as a gas in vapour. To 
cause *it to jjass from one of these states to the next 
following one, heat is necessary. 

380. Dig a hole in the ice of Ihe Mer de Glace in 
summer, and place a thermometer in the hole ; it will 
stand at 32® Fahr. Dip your thermometer into one of 
the glacier streams ; it will still mark 32®. The water is 
thei'efore as cold as ice. 

381. Hence the whole of the heat poured by the sun 
upon the glacier, and which has been absorbed by the 
glacier, is expended in simply liquefying the ice, and 
not in rendering either ice or water a single degree 
warmer. 
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382. Expose water to a fire ; it becomes hotter for a 
time. It boils, and from that moment it ceases to get 
hotter. After it has begun to boil, all the heat com- 
municated by the fire is carried away by the steam, 
though the steam itself is not the least fractioii of a degree 
hotter than the water. 

383. In fact, simply to liquefy ice a larg^b quantity of 
heat is necessary, and to vaporize water a still larger 
quantity is necessary. And ij^asmuch as this heat does 
not render the water warmer than the ice, nor t£e 
steam warmer than the water, it was at one t*iyie sui>- 
posed to be hidden in the water and in the strain. 
And it was therefore called latent heat. 

384. Let us ask how much heat must the sun expend 
in order to convei't a pound weight of the trofiical ocean 
into vapour? This problem has been accurately solved 
by experiment. It would require in round numbers 
1,000 times the amount of heat necessary to raise one 
pound of water one degree in temiierature. 

385. But the quantity of heat which would raise the 
temperature of a iiound of water one degree would raise 
the temperature of a pound of iron ten degrees. This 
has been also proved by experiment. Hence to convert 
one pound of the trojiical ocean into vapour the sun 
must expend 10,000 times as much heat as would raise 
one pound of iron one degree in temperature. 

386. This quantity of heat would raise the tempera- 
ture of 6 lbs. of iron 2,000 degrees, which is»the fusing 
point of cast iron ; at this temperature the metal would 
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not only be white hoi, but would be passing into the 
molten condition. 

387. Consider the conclusions at which we have now 
arrived. For every pound of tropical vapour, or for 
every pound of Alpine ice produced by the congelation 
of that vapour, an amount of heat has - been expended 

bv the sun Sufficient to raise 5 lbs. of cast iron to its 

%>• 

melting-point. 

388. It would not be, difficult to calculate aj)proxi.- 
nuitely the weight of the Mer de Glace and its tribu- 
taries— Ifo say, for example, that they contained so many 
millions of millions of tons of ice and snow. Let the 
place of the ice be taken by a mass of white-hot iron of 
(jnintiiple the weight ; with such a picture before your 
mind you |fet some notion of* the enormous amount of 
heat paid out by the sun to produce the present glacier. 

389. You must think over this, until it is as clear as 
sunshilie. For you must never henceforth fall into the 
error already referred to, and which has entangled so 
many. So natural was the association of ice and cold, 
that even celebrated men assumed that all that is needed 
to pi'oduee a great extension of our glaciers is a dimi- 
nution of the sun's temperature. Had they gone 
through the foregoing rcAections and calculations, they 
would probably have demanded more heat instead of less 
for the production of a ‘glacial epoch.’ What they 
really needed were condensers sufficiently powerful to 
congeal the vapour generated by the heat of the sun. 
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§ 57. Glacier Theories. 

390. You Lave not forgotten, and hardly ever can 
forget, our climbs to the Cleft Station. Thoughts were 
then suggested which we have not yet discussed. We 
saw the branch glaciers coming down from tl^ir jievC's, 
welding themselves together, pushing through Trela- 
porte, and afterwards moving through the sinuous 
valley of the Mer de Glace. Chese appearaTices aloijc, 
without taking into account subsequent observations, 
were sutficient to suggest the idea that glacier i«e', how- 
ever hard and brittle it may appear, is really a viaeons 
substance, resembling treacle, or honey, or tar, or 
lava. 


§ 58. Dilatation and Sliding 2'heories. 

391. Still this was not the notion expressed by the 
majority of writers upon glaciei’s. Schenchzer of 
Zurich, a great naturalist, visited the glaciers in 1705, 
and propounded a theory of their motion. Water, he 
knew, expands in freezing, and the force of expansion is 
so great, that thick bombshells filled with water, and 
permitted to freeze, are, as we know (312), shattei’ed to 
pieces by lihe ice within. Scheuchzer sujjposed that the 
water in the fissures of the glaciers, freezing there and 
^panding with resistless force, was the power which 
urged the glacier downwards. He added to this theory 
other notions of a less scientific kind. 
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392. Many years subsequently. Be Charpentier of Bex 
renewed and developed this theory with such ability 
and completeness, that it was long known as Charpen- 
tier’s Theory of Dilatation. M. Agassiz for a time 
espoused this theory, and it was also more or less dis- 
tinctly held by other writers. The glacier, in fact, was 
considered to be a magazine of cold, capable of freezing 
all water percolating through it. The theory was 
abandoned when this notion of glacier cold was proved 
by M. Agassiz to be untenable. 

393. Jn 1760, Altmann and Griiner propounded the 
view, that glaciers moved by sliding over their beds. 
Nearly forty years subsequently, this notion was revived 
by Be Saussui*e, and ‘it has therefore been called ‘ Be 
Saussure’s Theory,’ or the ‘Sliding Theory’ of glacier 

, motion. 

394. There was, however, but little reason to connect 
the naftie of Be Saussure Avith this or any other theory 
of glaciers. Incessantly occupied in observations of 
another kind, tliis celebrated man devoted very little 
time or thought to the question of glacier motion. 
What he has written upon the subject reads less like 
the elaboration of a theory than the expression of an 
opinion. 

§ 59. Plastic Theory, 

395. By none of these writers is the property of vis*- 
cosity or plasticity ascribed to glacier ice ; the appear- 
ances of many glaciers are, however, so suggestive of 
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this idea that we may be sure it would have found more 
frequent expression, were it not in such apparent con- 
tradiction with our every-day experienge of ice. 

396. Still the idea found its advocates. In a little 
book, published in 1773, and entitled ‘ Picturesque 
Journey to the Glaciers of Savoy,’ Bordier of Geneva 
wrote thus : — ‘ It is now time to look at alf these objects 
with the eyes of reason ; to study, in the first place, the 
position and the progression §f glaciers, and to seek the 
solution of their principal i>henoinena. At the first as- 
pect of the ice-mountains an observation pres^ijts itself, 
which appears suffilcient to explain all. It is that, the 
entire mass of ice is connected together, and presses 
from above downwards after the manner of fluids. Let 
tis then regard the ice, hot as a mass entirely rigid 
and immobile, but as a heap of coagulated matter, or as 
softened wax, flexible and ductile to a certain point.’ * 
Here pi’obably for the first time the quality of plhsticity 
is ascribed to the ice of glaciers. 

397. To us, familiar with the aspect of the glaciers, 
i t must seem strange that this idea once expressed did 
not at once receive recognition and development. But 
in those early days explorers were few, and the ‘ Pic- 
turesque Journey ’ probably but little known, so that 

the notion of plasticity lay dormant for more than half 
« ' 

* I iim indebted to my distinguished friend Prof. Studer of Berne for 
directing my attention to Bordier’s book, and to my frieuda at the British 
Museum for the great trouble they have taken to find it for me. 
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a century. But Bordier was ,at length succeeded by a 
man of far greater scientific grasp and insight than 
himself. This was Bendu, a Catholic priest and canon 
when he wrote, and afterwards Bishop of Annecy. In 
1841 Bendu laid before the Boyal Academy of Sciences 
of Savoy his ‘ Theory of the Glaciers of Savoy,’ a con- 
tribution for ever memorable in relation to this subject.* 

398. Bendu seized the idea of glacier plasticity with 
great power and clearness^, and followed it resolutely to 
its consequences. It is not known that he had ever 
seen the 'work of Bordier; probably not, as he never 
mentions it. Let me quote for you some of Eendu’s 
expressions, which, however, fail to give an adequate 
idea of his insight and’precision of thought ; — * Between 
the Mer de “Glace and a river there is a resemblance so 
complete that it is impossible to find in the glacier a 
circumstance which does not exist in the river. In 
currents of water the motion is not uniform either 
throughout their width or throughout their depth. 
The friction of the bottom and of the sides, with the 
action of local hindrances, causes the motion to vary, 
and only towards the middle of the surface do we 
obtain the full motion.’ 

899. This reads like a prediction of what has since 
been ei^tiablished by measurement. Looking at the 
glacier of Mont Dolent, which resembles a sheaf in 
form, wide at both ends and narrow in the* middle, and 
* * ‘ SlciDOirs of the AAdemy,’ toI. x. 
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reflecting that the upper wide part had become narrow, 
and the narrow middle part again wide, Bendu observea, 
‘ There is a multitude of facts which seem to necessitate 
the belief that glacier ice enjoys a kind of ductility 
which enables it to mould itself to its locality, to thin 
out, to swell, and to contract as if it were a sc^t paste.* 

400. To" fully test his conclusions, Eendu required 
the accurate measurement of glacier motion. Had he 
added to his other endowment* the practical skill of ^a. 
land-surveyor, he would now be regarded as the prince 
of glacialists. As it was he was obliged to be sontent 
with imperfect measui'ements. In one of his exeur- 
sions he examined the guides regarding the successive 
positions of a vast rock which h5 found upon the ice 
close to the side of the glacier. The mean of five years 
gave him a motion for this block of 40 feet a year. 

401. Another block, the transport of which he sub- 
sequently measured more accurately, gave him a velocity 
of 400 feet a year. Note his explanation of this dis- 
crepancy: — ‘The enormous difference of these two obser- 
vations arises from the fact that one block stood near 
the centre of the glacier, which moves most rapidly, 
while the other stood near the side, where the ice is 
held back by friction.* So clear and definite were 
Bendu’s ideas of the plastic motion of glaciers, that had 
the question of curvature occurred to him, I entertain 
no doubt that he would have enunciated beforehand the 
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shiftily of the point of maximum motion from side to 
side across the axis of the glacier (§ 25). 

402. It is right that you should know that scientific 
men do not ajlways agree iu their estimates of the com- 
parative value of facts and ideas ; and it is especially 
right that you should know that your present tutor 
attaches a very high value to ideas when t|iey spring 
from tho j>rofound and persistent pondering of superior 

minds, and are not, as isi too often the case, thrown out 
0 

without the warrant of either deep thought or natural 
capacHy? It is because I believe Eendu’s labours fulfil 
thi\ condition, that I ascribe to them so high a value. 
But when you become older and better informed, you 
may differ from me;‘ and I write these words lest you. 
should tod readily accept iny opinion of Bendu. Judge 
me, if you care to do so, when your knowledge is 
matured. I certainly shall not fear your verdict. 

403' But, much as 1 prize the prompting idea, and 
thoroughly as I believe that often in it the force of 
genius mainly lies, it would, in my opinion, be an error 
of omission of the gravest kind, and which, if habitual, 
would ensure the ultimate decay of natural knowledge, 
to neglect verifying our ideas, and giving them outward 
reality and substance when the means of doing so are 
at hand. In science thought, as iar as possible, ought 
to be wedded to fact. This was attempted by Bendu, 
and in great part accomplished by Agassiz and Forbes. 
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§ 60. Viscims Theory. 

404. Here indeed the merits of the distinguished 
glacialist last named rise conspicuously to view. From 
the able and earnest advocacy of Professor Forbes,' the 
public knowledge of this doctrine of glacial plasticity is 
almost wholly derived. He gave the doctrine a more 
distinctive form j he first applied the term viscous to 
glacier ice, and sought to found*upon precise measure-* 
ments a ‘Viscous Theory* of glacier motion. 

405. 1 am here obliged to state facts in their historic 
sequence. Professor Forbes when he began his investi- 
gations was acquainted with the labours of Bendu. In 
his earliest work upon the Alps *he refers to those 
labours in terms of flattering recognition. But though 
as a matter of fact Rendu’s ideas were there to prompt 
him, it would be too much to say that he needed Jheir 
inspiration. Had Rendu not preceded him, he might 
none the less have grasped the idea of viscosity, execut- 
ing his measurements and applying his knowledge to 
maintain it. Be that as it may, the appearance of Pro- 
fessor Forbes on the Unteraar glacier in 1841, and on 
the Her de Glace in 1842, and his labours then and 
subsequently, have given him a name not to be for- 
gotten in the scientific history of glaciers. 

406. The theory advocated by Professor Forbes was 
enimciated by himself in these words : — ‘ A glacier is an 
imperfect fluid, or viscous body, which is urged down 

31 



162 


THE FOEMS OP WATER IN 


slopes of cei^in inclination by the natural pressure 
of its parts.* In 1773 Bordier'wrote thus ; — ‘ As the 
glaciers always advance upon the plain, and never dis- 
appear, it is absolutely essential that new ice shall per- 
petually take the place of that which is melted: it 
must therefore be pressed forward from above. One 
can hardly refuse then to accept the astonishing truth, 
that this vast extent of hard and solid ice moves as 
,a single piece downwards.* In the passage already 
quoted he speaks of the ice being pressed as a fluid 
fronwabove. These constitute, I believe, Bordier’s con-" 
tsibutions to this subject. The quotations show his 
sagacity at an early date ; but, in point of completeness, 
his views are not t6 be compared with those of Bendu 
and Forlbes. 

407. I must not omit to state here that though the 
idea of viscosity has not been espoused by M. Agassiz, 
his measurements, and maps of measurements, on the 
Unteraar glacier have been recently cited as the most 
clear and conclusive illustrations of a quality which, at 
all events, closely resembles vicosity. 

408. But why, with proofs before him more copious 
and characteristic than those of any other observer, does 
M. Agassiz hesitate to accept the idea of viscosity as 
applied to ice P Doubtless because he believes the 
notion to be contradicted by our every-day experience 
of the substance. 

409. Take a mass of ice ten or even fifteen cubic feet 
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in volume ; draw a saw across it to a depth, of half an 
inch or an inch; and strike a pointed pricker, not 
thicker than a very small round file, into the groove ; 
the substance will split from top to bottom with a clean 
crystalline fracture. How is this brittleness to be 
reconciled with the notion of viscosity P 

410. We have, moreover, been upon the glacier and 
have -witnessed the birth of crevasses. We have seen 
them beginning as narrow cracbs suddenly formed, days^ 
being required to open them a single inch. In many 
glaciers fissures may be traced narrow and profound for 
hundreds of yards through the ice. What does tjiis 
prove P Did the ice possess even a very small modicum 
of that power of stretching, which characteristic of a 
viscous substance, such crevasses could not be*formed. 

411. Still it is undoubted that the glacier moves like 
a viscous body. The centre flows past the sides, the top 
flows over the bottom, and the motion through a cvirved 
valley corresponds to fluid motion. Mr. Mathews, Mr. 
IVoude, and above all Signor Bianconi, have, more- 
over, recently made experiments on ice which strikingly 
illustrate the flexibility of the substance. These experi- 
ments merit, and will doubtless receive, full attention 
at a future time. 


§ 61. Begelaiion Theory. 

412. I will now describe to you an attempt that has 
been made of late years to reconcile the brittleness of 
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ice with its motion in glaciers. It is founded on the 
observation, made by Mr. Faraday in 1850, that when 
two pieces of thawing ice are placed together they 
&eeze together at the place of contact. 

413. This fact may not surprise you ; still it surprised 
Mr. Fa^day and others, and men of very great distinc- 
tion in science have differed in their interpretation of the 
feet. The difficulty is to explain where, or how, in ice 
tdready thawing the cold is to be found requisite to freeze 
the film of water between the two touching surfaces. 

414 * The word Regelation, was proposed by Dr. Hooker ' 
to^express the freezing together of two pieced of thawing' 
ice observed by Faraday ; and the memoir in which the 
term was first used was published by Mr. Huxley and 
Mr. Tyndall in the Philosophical Transactions for 1857. 

415. The/oef of regelation, and its application irre- 
spective of the came of regelation, may be thus illus- 
trated : — Saw two slabs from a block of ice, and bring 
their fiat surfaces into contact ; they immediately freeze 
together. Two plates of ice, laid one upon the other, 
with flannel round them overnight, are sometimes so 
firmly firozen in the morning that they will rather break 
elsewhere than along their surface of junction. If you 
enter one of the dripping ice-caves of Switzerland, you 
have only to press for a moment a slab of ice against 
the roof of the cave to cause it to fireeze there and 
stick to the roof. 

416. Fiace a number of fragments of ice in a bftsin of 
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water, and cause them to touch each other ; they &eeze 
together where they touch. You can form a fihnin of 
such fragments ; and then, by taking hold of one end 
of the chain, you can draw the whole series after it. 
Chains of icebergs are sometimes formed in this way 
in thO Arctic seas. 

417. Consider what follows from these observations. 
Snow consists of small particles of ice. Now if by 
pressure we squeeze out the air entangled in thawing 
snow, and bring the little ice-granules into close contact, 
they may be ejcpected to freeze together; aifd^if the 
expulsion of the air be complete, the squeezed snow pjay 
be expected to assume the appearance of compact ice. 

418. We arrive at this conclusion by reasoning ; let 
us now test it by experiment, employing a stfttable hy- 
draulic press, and a mould to hold the snow. In exact 
accordance with our expectation, we convert by pressure 
the snow into ice. 

419. Place a compact mass of ice in a proper mould, 
and subject it to pressure. It breaks in pieces : squeeze 
the pieces forcibly together; they re-unite by regela- 
tion, and a compact piece of ice, totally different in 
shape from the first one, is taken from the press. To 
produce this effect the ice must be in a thawing con- 
dition. When its temperature is much below the 
melting point it is crushed by pressure, not into a 

* A similar experims^it was made by tte Messrs. Sohlagintweit prior to 
the discoyeiy which explains it, and which tbeietbre remained unsolved. 
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pellucid mass of another shape^ but into a white 
powder. 

420. By means of suitable moulds you may in this 

way change the shape of ice to any extent, turning out 

spheres, and cups, and rings, and twisted ropes of the 

substance; the change of form in these cases being 
* € 

effected through rude fracture and regelation. 

421. By applying the pressure carefully, rude fracture 
may be avoided, and the gee compelled slowly to change 
its form as if it were a plastic body. 

422. «;i^row our first experiment illustrates the con- 
solidation of the &nows of the higher Alpine regions. 
The deeper layers of the n4v6 have to bear the weight 
of all above them, anC are thereby converted into more 
or less perfect ice. And our last experiment Ulustrates 
the changes of form observed upon the glacier, where, 
by the slow and constant application of pressure, the ice 
gradudUy moulds itself to the valley, which it fills. 

423. In glaciers, however, we have also ample illus- 
trations of rude fracture and regelation. The opening 
and closing of crevasses illustrate this. The glacier 
is broken on the cascades and mended at their bases. 
When two branch glaciers lay their sides together, the 
regelation is so firm that they begin immediately to 
flow in the trunk ‘glacier as a single stream. The 
medial ^poraine gives no indication by its slowness of 
motion that it is derived from the sluggish ice of the 
sides of the branch glaciere. 
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424. The gist of the Begelation Theory is that the ice 
of glaciers changes its form and preserves its continuity 
under presawre which keeps its particles together. But 
when subjected to temiony sooner than stretch it hreaksy 
and behaves no longer as a viscous body. 

§ 62. Catise of Begelation. 

425. Here the fact of regelation is applied to explain 
the plasticity of glacier ice, n^ attempt being made to 
assign the cause of regelation itself. They are two en- 
tirely distinct questions. But a little time wilf ^e well 
spentin looking more closely into the cause of regelatiqn. 
You may feel some surprise that eminent men should de- 
vote their attention to so small a p#uit, but we must not 
forget that in nature nothing is small. Laws*and prin- 
ciples interest the scientific student most, and these may 
be as well illustrated by small things as by large ones. 

426. The question of regelation immediately connects 
itself with that of ‘ latent heat,* already referred to, (383) 
but which we must now subject to further examination. 
To melt ice, as already stated, a large amount of heat 
is necessary, and in the case of the glaciers this heat is 
furnished by the sun. Neither the ice so melted nor 
the water which results from its liquefaction can fall 
below 32° Fahrenheit. The freezing point of water and 
the melting point of ice touch each other, as it were, 
at this temperature. A hair*s-breadth lower water 
freezes ; a hair’s-breadth higher ice melts. • 
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427. But if the ioe could be caused to melt without this 
Qupply of solar heat, a temperature lower than that of 
ordinary thawing ice would result. When snow and 
salt, or pounded ice and salt, are mixed together, the 
salt causes the i^e to melt, and in this way a cold 
of 20 or 30 degrees below the freezing point may. be 
produceid. cHere, in fact, the ice consumes iU cwn 
warmth in the work of . liquefaction. Such a mixture 
of ioe and salt is 'called * a freezing mixture.* 

‘ 428. Andifby any other means ice at the temperature 
of 32*’ Fahrenheit could be liquefied without access of 
heat irom without, the water produced would be colder 
than the ice. Now Professor James Thomson has proved 
that ice may be liquefied by mere jpre«attre, and his 
brother. Sir William Thomson, has also shown that 
water under pressure requires a lower temperature to 
freeze it than when the pressure is removed. Professor 
Mousson subsequently liquefied large masses of ice by a 
hydraulic press ; and by a beautiful experiment Professor 
Helmholtz has proved that water in a vessel from which 
the airdias been removed, and which is therefore relieved 
from the pressure of the atmosphere, freezes and forms 
ice-crystals when surrounded by melting ice. All these 
facts are summed up in the brief statement that tha 
ft'eezing point of water is lowered by pressure.* 

429. For our own instruction we may produce the 

* Professor James Thomson and Professor Clausias proved this inde* 
pendendy and^dmost contemporaneously. 
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liquefaction of ice by pressure in the following way : 
—You remember the beautiful flowers obtained when a 
simbeam is sent through lake ioe(§ 11), and you have 
not forgotten that the flowers always form parallel to 
the surface of freezing. Let us cut a prism, or small 
column of ice with the planes of freezing running across 
it at right angles j we place that prism* between two 
slabs of wood, and bring carefully to bear upon it the 
squeezing force of a small hy^aulic piress. 

430. It is well to converge by means of a concave mirror 
a good light upon the ice, and to view it through a 
magnifying lens. You already see the result. Ilazy 
surfaces are formed in the very body of the ice, which 
gradually expand as the pressure is slowly augmented. 
Here and there you notice something resembling crys- 
tallisation ; fern-shaped figures run with considerable 
rapidity through the ice, and when you look carefully at 
their points and edges you find them in visible motion. 
These hazy surfaces are spaces of liquefaction, and the 
motion you see is that of the ice falling to water under 
the pressure. That water is colder than the ice was 
before the pressure was applied, and if the pressure be 
relieved, not only does the liquefaction cease, but the 
water re-freezes^ The cold produced by its liquefaction 
under pressure is sufficient to re-congeal it when the 
pressure is removed. 

431. If instead of diffusing the pressure over sur- 
faces of considerable extent, we concentrate it on a 
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small surface, the liquefaction will of course be more 
rapid, and this is what Mr. Bottomley has recently done 
in an experiment of singular beauty and interest. Let 
us support on blocks of wood the two ends of a bar of 
ice 10 inches long, 4 inches deep, and 8 wide, and let us 
loop over^its middle a copper wire one-twentieth, or 
even one-ten{!b, of an inch in thickness. Connecting 
the two ends of the wire together, and suspending 
from it a weight of 12 or 4 pounds, the whole pressure 
of this weight is concentrated on the ice which sup- 
ports tl;»e“ wire. What is the consequence ? The ice 
undqrneath the wire liquefies; the water of liquefaction 
escapes round the wire, but the moment it is relieved 
from the pressure it freezes, and round about the wire, 
even befoA it has entered the ice, you have a frozen 
casing. The wire continues to sink in the ice; the 
water incessantly escapes, freezing as it does so behind 
the wiie. In half an hour the weight falls ; the wire 
has gone clean through the ice. You can plainly see 
where it has passed, but the two severed pieces of ice 
are so firmly frozen together that they will break else- 
where as soon as along the surface of regelation. 

482. Another beautiful experiment bearing upon this 
point has recently been made by M. Boussingault. He 
filled a hollow steel cylinder with water and chilled it. 
In passing to ice water, as you know, expands {§ 46) ; 
in fact, room for expansion is a necessary condition of 
solidification. But in the present case tihe strong steel 
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reBisted the expansion, the water in consequence re- 
maining liquid at a temperature of more than 80° Fahr. 
below the ordinary freezing point. A bullet within the 
cylinder rattled about at this temperature, showing 
that the water was still liquid. On opening the tap the 
liquid, relieved of the pressure, was instantly fonverted 
into ice. 

433. It is only substances which expand on solidify- 
ing that behave in this manner. The metal bismuth, ^.s 
we know, is an example similar to water ; while lead, 
wax, or sulphur, all of which contract on solidifying, 
have their point of fusion heightened by pressure, j * 

434. And now you are prepared to understand Pro- 
fessor James Thomson’s theory regelation. When 
two pieces of ice are pressed together liquetaction, he 
contends, results. The water spreads out around the 
points of pressure, and when released re-freezes, thus 
forming a kind of cement between the pieces of ice. 

§ 63. Faraday^s View of Regelation. 

435. Faraday’s view of regelation is not so easily 
expressed, still I will try to give you some notion of it, 

, dealing in the first place with admitted facts. Water, 
even in open vessels, may be lowered many degrees below 
its freezing temperature, and still remain liquid; it may 
also be raised to a temperature far higher than its boiling 
point, and still resist boiling. This is due to the mutual 
cohesion of the water particles, which resi8ts*the change 
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of the liquid either into the solid or the vaporons 
condition. 

436. But if into the over-chilled water you throw a 
particle of ice, the cohesion is raptured, and congelation 
immediately sets in. And if into the superheated 
water you introduce a bubble of air or of steam, cohe-; 
sion is likewise ruptured, and ebullition immediately 
commences. 

^ 437. Faraday concluded that in the interior of any 
body, whether solid or liquid, where every particle is 
grasped so to speak by the surrounding particles, and' 
grasps them in turn, the bond of cohesion is so strong 
as to require a higher temperature to change the state 
* of aggregation than 4s necessary at the mirface. At the 
surface of a piece of ice, for Example, the molecules are 
free on one side from the control of other molecules ; 
and they therefore yield to heat more readily than in 
the interior. The bubble of air or steam in overheated 
water also frees the molecules on one side $ hence the 
ebullition consequent upon its introduction. Prac- 
tically speaking, then, the point of liquefaction of the 
interior ice is higher than that of the superficial ice. 
Faraday also refers to the special solidifying power 
which bodies exert upon their own molecules. Cam- 
phor in a glass bottle fills the bottle with an atmos- 
phere of camphor. In such an atmosphere large crystals 
of the substance may grow by the incessant deposition 
of camphctr molecules upon camphor, at a temperature 
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tdo high to permit of the slightest deposit upon the 
adjacent ghee. A similskr remark applies to sulphur, 
phosphorus, and the metals in a state of fusion. Thej 
are deposited upon solid portions of their own substance 
at temperatures not low enough to cause them to soli- 
dify against other substances. 

438. Water furnishes an eminent exainple of this 
special solidifying power. It may be cooled ten 
degrees and more below ii« freezing point without 
freezing. But this is not possible if the smallest frag- 

‘ ment of ice be floating in the water. It then* freezes 
accurately at 32® Fahr., depositing itself, however, mot 
upon the sides of the containing vessel^ but upon the ice. 
Faraday observed in a freezing aipparatus thin crystals’ 
of ice growing in ice-cold water to a length of six, 
eight, or ten inches, at a temperature incompetent to 
produce their deposition upon the sides of the contain- 
ing vessel. 

439. And now we are prepared for Faraday^s view of 
regelation. When the surfaces of two pieces of ice, 
covered with a film of the water of liquefaction, are 
brought together, the covering film is transferred from 
the surface to the centre of the ice, where fhe point 
of liquefaction, as before shown, is higher than at the 
surface. The special solidifying power of ice upon water 
is now brought into play on both aides of the film. Under 
these circTunstances, Faraday held that the film would 
congeal, and freeze the two surfiices togethdV. 
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440. The lowering of the freezing point by pressnre 
amounts to no more than one-seventieth of a degree 
Fahrenheit for a whole atmosphere. Considering the 
infinitesimal fraction of this pressure which is brought 
into play in some cases of regelation, Faraday thought its 
effect insensible. He suspended pieces of ice, and brought 
them into contact without sensible pressure, still they 
froze together. Professor. James Thomson, however, 
considered that even the capillary attraction exerted 
between two such masses would be sufficient to produce 
regelatipn. You may make the following experiments, 
in f’:vrther illustration of this subject ; — 

441. Place a small piece of ice on water, and press it 
underneath the surfaje by a second piece. The sub- 
merged piece may be so smalf as to render the pressure 
infinitesimal ; still it will freeze to the under surface of 
the superior piece. 

442. ' Place two pieces of ice in a basin of warm water, 
and allow them to come together ; they freeze together 
when they touch. The parts surrounding the place of 
contact melt away, but the pieces continue for a time 
united by a narrow bridge of ice. The bridge finally 
melts, and the pieces for a moment are separated. But 
capillary attraction immediately draws them together, 
and regelation sets in once more. A new bridge is 
formed, which in its turn is dissolved, the separated 
pieces again closing up. A kind of pulsation is thus 
established'between the two pieces of ice. They touch. 
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they freeze, a bridge is formed and melted ; and thus 
the rhythmic action continues until the ice disappears. 

445. According to Professor James Thomson’s 
theory, pressure is necessary to liquefy the ice. The 
heat necessary for liquefaction must be drawn from the 
ice itself, and the cold water must escape^ from the 
pressure tcfbe re-frozen. Now in the foregoing experi- 
ments the cold water, instead of being allowed to freeze, 
issues into the warm water^ still the floating fragments 
regelate in a moment. The touching surfaces may, 
moreover, be convex ; they may be reduced practically 
to pointsy clasped all round by the warm water, ^hich 
indeed rapidly dissolves them as they approach each 
other ; still they freeze immediately when they touch. 

444. You may learn from this discussfon that in 
scientific matters, as in all others, there is room for 
differences of opinion. The frame of mind to be culti- 
vated here is a suspension of judgment as long as the 
meaning remains in doubt. It may be that Faraday’s 
action and Thomson’s action come both into play. I 
cannot do better than finish these remarks by quoting 
Faraday’s own concluding words, which show how in 
his mind scientific conviction dwelt apart from dogma- 
tism : — ‘No doubt,’ he says, ‘ nice experiments will 
enable ns hereafter to criticise such results as these, 
and separating the true from the untrue will establish 
the correct theory of regelation.* 
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§ 64. The Blue Veim of Glaciers, 

446. We now approach the end, one important 
question only remaining to be discussed. Hitherto we 
have kept it back, for a wide acquaintance with the 
glaciers was necessary to its solution. We had also 
to make ourselves familiar by actual experiment with 
the power of ice, softened by thaw, to yield to pressure, 
a^d to liquefy under such pressure. 

446. Snow is white. -But if you examine its in- 
dividual. particles you would call them transparent, not 
whit/). The whiteness arises from the mixture of the 
ice particles wit]ck small spaces of air. In the case of 
all transparent bodiela whiteness results from such a 
mixture. "The clearest glass or crystal when crushed 
becoihes a white powder. The foam of champagne is 
white through the intimate admixture of a transparent 
liquid with transparent carbonic acid gas. The whitest 
paper, moreover, is composed of fibres which are in- 
dividually transparent. 

447. It is not, however, the air or the gas, but the 
optical severance of the particles, giving rise to a mul- 
titude of reflexions of the white solar light at their 
surfaces, that produces the whiteness. 

448. The whiteness of the surface of ft clean glacier 
(112), and of the icebergs of the Margelin See (357), 
has been already referred to a similar cause. The 
surface is bteken into innumerable fissures by the solar 
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iieat, the reflexion of solar light from the sides of the 
little fissm*es producing the observed appearance. 

449. In like manner if you freeze water in a test*- 
tube by plunging it into a freezing mixture, the ice 
produced is white. For the most part also the ice 
formed in freezing machines is white. Examine such 
ice, and you will find it filled with small *air-bubbles. 
When the freezing is extremely slow the crystallising 
force pushes the air eflectual]^ 'aside, and the result- 
ing ice is transparent ; when the freezing is rapid, the 
&ir is entangled before it can escape, and tlfe, ioe is 
transhkctnt. But even in the case of quick free^ipg 
Mr. Faraday obtained transparent ice* by skilfully re- 
moving the air-bubbles as fast a» they appeared with 
a feather. 

450. In the ciase of lake ice the freezing is not uni- 
form, but intermittent. It is sometimes slow, sometimes 
rapid. When slow the air dissolved in the wjfter is 
effectually squeezed out and forms a layer of bubbles on 
the under-surface of the ice. An act of sudden freezing 
entangles this air, and hence we find lake ice usually 
composed of layers alternately clear, and filled with 
bubbles. Such layers render it easy to detect the planes 
of freezing in lake ice. 

451. And now for the bearing of these facts. Under 
the fall of the G^ant, at the base of the Tal^fre cascade, 
and lower down the Mer de Glace ; in the higher re- 
gions of the Grindelwald, the Aar, the Alets(fii and the 
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Gdrner glaciers, ’the ice does not possess the trans> 
paarency which it exhibits near the ends of the glaciers. 
It is white, or whitish. Why? Examination shows 
it to be filled with small air-bubbles ; -and these, as we 
now learn, are the causo of its whiteness. 

452. They are the residue of the air originally en- 
tangled in fhe snow, and connected, as before stated, 
with the whiteness of the snow. During the descent of 
the glacier, the bubbles* are gradually expelled by the 
enormous pressures brought to bear upon the ice. Not 
only i^ the expulsion caused by the mechanical yielding 
ofti^e soft thawing ice, but the liquefaction of the sub- 
stance at places* of violent pressure, opening, as it does, 
fissures for the escapj of the air, must play an import- 
ant part fti the. consolidation of the glacier. 

453. The expulsion of the bubbles is, however, not 
uniform ; for neither ice nor any other substance offers 
an absolutely uniform resistance to pressure. At the 
base of every cascade that we have visited, and on the 
walls of the crevasses there formed, we have noticed in- 
numerable blue streaks drawn through the white trans- 
lucent ice, and, giving the whole rnaiHb the appearance 
of lamination. These blue veins turned out upon ex- 
amination- tobp sj^cea from which .thq ain-bubbles had' 
bqen almost wholly expelled translucency being thus 
conn^rted iiito transparency. ^ 

454. Tliis is the veined or ribboned eirueture of gla- 
ciers, regafding the origin of which diverse opinions are 
now entertained. 
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456. It is now onr duty to take up the problem, and 
to solve it ir’iwe can. On the n^v^s of the Col du 
G4ant, and other glaciers, we have found great cracks, 
and faults, and Bergschrunds^ exposing deep sections of 
the n4v^ ; • and on these sections vre have found marked 
the edges of half-consolidated strata evidently j^roduced 
by successive falls of snow. The n4ve is stratified be- 
cause its supply of material from the utmosphere is 
intermittent, and when we fi.rs4 observed the blue veing 
we were disposed to regard them as due to this stratifi- 
cation. 

456. But observation and reflexion soon dispelled 
this notion. Indeed it could hardly stand in the pre- 
sence of the single fact that at the*bases of the ice-falls 
the veins are always vertical^ or nearly so. V^e saw no 
way of explaining how the horizontal strata of the n5ve 
could be so tilted up at the base of the fall as to be set 
on edge. Nor is the aspect of the veins that of stratifi- 
cation. 

457. On the central portions of the cascades, more- 
over, there «re no signs of the veins. At the bases 
they first appear, reaching in each case their maximum 
development a little below the base. As you and I 
stood upon the heights above the' Zasenberg s&d scru- 
tinised the cascade of the Strahleck branch of the 
Grindelwald glacier, we. could' not doubt that the base 
of the fall was the birthplace of the. Veins. We called 
this portion of the glacier a *Stracture Mill,’ intimating 
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that here, and not on the n6r6, Ihe, veined structure 
was manufactiltled. 



SECTION pV ICEFAIX, AND OIiACTETl IT, SHOWING OHIOTN OF VEINED 

BTllUCTUliK. 

468. This, however, is, at bottom, the language of 
strong opinion merely, not that of demonstration ; and in 
science opinion ought to content us only so long as 
positive proof is unattainable. The love of repose must 
not prevent us from seeking this proof. There is no 
sterner conscience than the scientific conscience, and 
it demands, in every possible case, the substitution for 
private conviction of demonstration which shall be con- 
clusive to all. 

469. Let us, for example, be shown a case in which 
the stratification of the n4v4 is prolonged into the 
glacier ; let us see the planes of bedding and the planes 
of lamination existing side by side, and still indubitably 
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distinct. Such an observation would effectually exclude 
stratification from tbe problem of the vii^ed structure, 
and through the removal of this tempting source of 
error, we should be rendered more free to pursue the 
truth. 

460. We sought for this conclusive test upon the 
Mer de Glace, but did not find it. We sought it on the 
Grindelwald, and the Aar glaciers,* with an equal want 
of success. On the Aletsch glacier, for the first time, 
we observed the apparent coexistence of bedding and. 
structure, the one cutting the other upon th^ falls of 
the same crevasse. Still the case was not sufficiently.pro- 
nounced to produce entire conviction, and we visited the 
Gorner glacier with the view of fcfilowing un our quest. 



SrnUCTURE and bedding on ALFTSCif QLACXER. 

461. Bore day after day added to the conviction that 
the bedding and the structure were^ two different things. 

* M. Agassiz, bowerer, reports a case of tbe kind upon t|ie glacier of the 
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Still day after day passed without revealing to us the 
final proof. Surely we have not let our own ease stand 
in the way of its attainment, and if we retire baffled 
we i^all do so with the consciousness of having done 
our best. Yonder, however, at the base of the Mat- 
terhorn, is the Furgge glacier that we have not yet 
explored. l3pon it our final attempt must be made. 

402. We get upon the glacier near its end, and 
ascend it. We are soon/ronted by a barrier composed 
of three successive walls of n4v4, the one rising above 
the otljei*, and each retreating behind the other. The? 
bottom of each wall is separated from the top of the 
succeeding one by a ledge, on which threatening masses 
of broken n6v4 now nest. We stand amid blocks and 
rubbish which have been Evidently discharged from 
these ledges, on which other masses, ready apparently to 
tumble, are now poised. 

463*. On the vertical walls of this barrier we see, 
marked with the utmost plainness, the horizontal lines 
of stratification, while soiuething exceedingly like the 
veined structure appears to cross the lines of bedding 
at nearly a right angle. The vertical surface is, how- 
ever weathered, and the lines of structure, if they be 
such, are indistinct. The problem now is to remove the 
sur&oe, and expose the ice underneath. It is one of 
the many cases that have come before us, where the 
value of - an observation is to be balanced against the 
danger wHich it involves. 
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464. We do nothing rashly; bnt, scanning the ledges 
, and selecting a point of attack, we conclude that the 
danger is not too great to be incurred. We advance 
to the wall, remove the surface, and are rewarded by 
the discovery underneath it of the true blue veins. 
They, moreover, are vertical, while the bedding is hori- 
zontal. Bruce, as you know, .was defeated In many a 
battle, but he persisted and won at last. Here, upon 
the. Furgge glacier, you a^so have fought and won 
your little Bannockburn. 



hTRUCTUnK >kND BKPniXO OK FTKOGR GhACim. 

465. But let us not use *the language of victory too 
soon. The stratification theory has been removed out 
of the field of explanation, but nothing has as yet been 
offered in its place. 

§ 65. Relation of Structure to Presswre. 

466. This veined structure was fir^ described by the 
distinguished Swiss naturalist, Guyot, now a resident in 
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the United States. IVom the Grimsel Pass I have 
already pointed out to you the Cries glacier over-* 
spreading the mountains at the opposite side of the 
valley of the Shone. It was on this glacier that 
M. Guyot made his observation. 

467. * I saw/ he said, * under my feet the surface of 
the entird glacier covered with regular furrows, from 
one to two inches wide, hollowed out in a half-snowy 
mass, and separated by p^truding plates of harder and 
mbre transparent ice. It was evident that the glacier 
here was composed of two kinds of ice, one that of the 
furrows, snowy and more easily melted ; the other of 
the plates, more ^rfect, crystalline, glassy, and resis- 
tant i and that the lyiequal resistance which the two 
kinds of ice presented to the atmosphere was the cause 
of the ridges. 

468. * After having followed them for several hun- 
dred yards, I reached a crevasse twenty or thirty feet 
wide, which, as it cut the plates and furrows at right 
angles, exposed the interior of the glacier to a depth of 
thirty or forty feet, and gave a beautiful tmnsverse 
section of the structure. As far as my eyes could reach, 
I saw the mass of the glacier composed of layers of 
snowy ice, each two of which were separated by one of 
the hard plates of which 1 have spoken, the whole 
forming a reg^ularly laminated mass, which resembled' 
certain calcareous slates.* 

469. I hiure not failed to point out to you upon all 
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the glaciers that we hare visile the little superficial* 
farrows here ■described; and you have, moreover, 
noticed that in the farrows mainly is lodged the finer 
dirt which is scattered over the glacier. They sug- 
gest the passage of a rake over the ice. And when- 
ever these furrows were interrupted by a crevasse, the 
veined structure invariably revealed itielf*upon the 
walls of the fissure. The surface grooving is indeed 
an infallible indication of ^e interior lamination of 
the ice. 

470. We have tracked the structure th?(mgh the ^ 
various parts of the glaciers at which its appearance 
was most distinct; and we have paid^ particular atten- 
tion to the condition of the ice i^t these places. The 
very fact of its cutting the crevasses at right angles is 
significant. We know the mechanical origin of the 
crevasses ; that they are cracks formed at right angles 
to lines of tension. But since the crevasses are also 
perpendicular to the planes of structure, these planes 
must be parallel to the lines of tepsion. 

471. On the glaciers, however, tension rarely occurs 
alone. At the sides of the glacier, for example, where 
marginal crevasses are formed, the tension is always 
accomp^ied by pressure ; the one force acting at right 
angles to the other. Here, therefore, the veined 
structure, which is parallel to the lines of tension, ia 
ferfenMeaUvr to the Unea of preaawre, 

472. That this is so will be evident to you in a 
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luotneut. Let the adjacent figure represent the channel 
of the glacier moving in the direction of the arrow. 
Suppose three circles to be marked upon the ice, one at 
the centre and the two others at the sides. In a glacier 


mmm 







of uniform inclination all these circles would move 
‘ downwa^ the central one only remaining a cii’cle. By^' 
the retardation of the sides the marginal circles would 
be drawn out to qyals. The two circles would be elon~ 
gated in one direction, and compressed in another. 
Across the* long diameter, \^hich is the direction of 
strain, we have the marginal crevasses ; across the short 
diameter m n, which is the direction of pressure, we have 
the marginal veined structure. 

473. This association of pressure and structure is 
invariable. At the bases ,of the cascades, where the 
inclinatidn of the bed of the glacier suddenly changes, 
the pressure in many cases suffices not only to close the 
crevasses but to violently squeeze the ice. At such 
places the structure always appears, sweeping quite 
across the glacier. When two branch glaciers unite, 
their mutual thrust intensifies the pre-existing marginal 
structure of the branches, and developes new planes of 
lamination. * Under the medial moraines, therefore, we 
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have usually a good' development of the structure. It 
is finely displayed, for example, under the great medial 
moraine of the glacier of the Aar. 

474. Upon this glacier, indeed, the blue veins were 
observed independently three years after M. Guyot had 
first described them. I say independently, because M. 
Guyot's description, though written in 1883, remained 
unprinted, and was unknown in 1841 to the observers on 
the Aar. These were M. Agassiz and Professor Forbes. 
To the question of structure Professor Forbes subse- 
quently devoted much attention, and it was mainl)% 
his observations and reasonings that gave it thq im- 
portant position now assigned to it^in the phenomena 
of glaciers. 

475. Thus without quitting the glaciers tbemselves, we 
establish the connexion between pressure and structure. 
Is there anything in our previous scientific experience 
with which these facts may be connected P fThe new 
knowledge of nature must always strike its roots into 
the old, and spring from it^as an oiganic growth. 

§ 66. Slate Cleavage and Glacier Lamination. 

476. M. Guyot threw out an exceedingly sagacious 
hint, when he compared the veined structure to the 
cleavage of slate rocks. We must learn something of 
this cleavage, for it really famishes the key to the 
problem which now occupies us. Let us go then to the 
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quarries of Bangor or Cumberland, and observe the 
quanjmen in their sheds splitting the rocks. With a 
sharp point struck skilfully into the edge of the slat^, 
they cause it to divide into thin plates, fit for roofing 
o y cipheri ng, as the case may be. The surfaces along 
Wi*. ^ cleaves are called its planes of dea/vage. 

477. All thrbugh the quany you notice the direction 
of these planes to be perfectly constant. How is this 
laminated structure to be accounted for ? 

(I 

478. Tou might be disposed to consider that cleavage 
<is a case stratification or bedding; for it is true that 
in varjous parts of England there are rocks which can 
be cloven into thin flags along the planes of bedding. 
But when we examine*^ these slate rocks we verify the 
observation,' first I believe made by the eminent and 
venerable Professor Sedgwick, that the planes of bed- 
ding usually run across the planes of cleavage. 

479. We have here, as you observe, a case exactly 
similar to that of glacier lamination, which we were 
at first disposed to regard due to stratification. We 
afterwards, however, found planes of lamination crossing 
the layers of the n4v€, exactly as the planes of cleavage 
cross the beds of slate rocks. 

480. But the analogy extends further. Slate cleavage 
continued to be a puzzle to geologists till the late Mr. 
Daniel Sharpe made the discovery that shells and other 
fossils and bodies found in slate rocks are invariably 
flattened out*in the planes of cleavage. 
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481. Turn into any well- arranged museum — ^for 
example, into the School of Mines in Jermyn Street, and 
ohserye the evidence there collected. Look particularly 
f() the fossil irilobites taken from the slate rock. They 
are in some cases squeezed to one third of their primi- 
tive thickness. Numerous other specimens show in 
the most striking manner the flattening«out*of shells. 

482. To the evidence adduced by Mr. Sharpe, Mr. 
Sorby added other powerful ^vidence, founded upon the 
microscopic examination of slate rock. Taking both 
into account, the conclusion is irresistible^ that sucl^ 
rocks have suflfered enormous pressure at right angles 
to the planes of cleavage, exactly as the glacier has 
demonstrably suffered great pr^sure at right angles to 
its planes of lamination* 

483. The association of pressure and cleavage is thus 
demonstrated ; but the question arises, do they stand to 
each other in the relation of cause and effeet ? The 
only way of replying to this question is to combine 
artificially the conditions of nature, and see whether 
we cannot produce her results. 

484. The substance of slate rocks was once a plastic 
mud, in which fossils were embedded. Let us imitate 
the action of pressure upon such mud by employing, 
instead of it, softened white wax. Placing a ball of the 
wax between two glass plates, wetted to prevent it from 
sticking, we apply pressure and flatten out the wax. 

485. The flattened mass is at first too. soft to cleave 
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sharply j hut you can see, tearing, that it is lami- 
nated. Let us chill it with ice. We find afterwards 
that no slate rock ever exhibited so fine a cleavage. 
The laminse, it need hardly be said, are perpendicular 
to«the pressure. 

486. One cause of this lamination is that the wax is 
an aggregate ofgranules the surfaces of which are places 
©f weak cohesion ; and that by the pressure these 
granules are squeezed fiat^ thus producing planes of 
weakness at right angles to the pressure. 

« 487. Bui the main cause of the cleavage 1 take to be 
the lateral sliding of the particles of wax over each 
other. Old attac]^ments are thereby severed, which 
the now ones fail to m^ke good. Thus, the tangential 
sliding produces lamination, as the rails near a station 
are caused to exfoliate by the gliding of the wheel. 

488. Instead of wax we may take the slate itself, 
grind it to fine powder, add water, and thus reproduce 
the pristine mud. By the proper compression of such 
mud, in one direction, the cleavage is restored. 

489. Call now to mind the evidences we have had 
of the power of thawing ice to yield to pressure. 
BecoUect the shortening of the Glacier du G4ant, and 
the squeezing of the Glacier de L^chaud, at Tr^laporte. 
Such a substance, slowly acted upon by pressure, will 
yield laterally. Its particles will slide over each other, 
the severed attachments being immediately made goo<l 
hy regelatioui^ It will not yield unifbrmly, but along 
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special planes. It will also liquefy, not uniformly, but 
along special surfaces. Both the sliding and the lique- 
faction will take place principally at right angles to the 
pressure, and glacier lamination is the result. 

490. As long as it is sound the laminated glacier ice 
resists cleavage. Begelation, as I have said, makes the 
severed attachments good. But when suclf ice*i8 exposed 
to the weather the structure is revealed, and the ice 
can then be cloven into tablc;^ a square foot, or even a 
square yard in area. 

§ 67. Conclusion. 

491. Here, my friend, our labours close. It has 
been a true pleasure to me to have you ab«ny side so 
long. Ill the sweat of our brows we have often reached 
the heights where our work lay, but you have been 
steadfast and industrious throughout, using in ^11 pos- 
sible cases your own muscles instead of relying upon 
mine. Here and there I have stretched an arm and 
helped you to a ledge, but the work of climbing has 
been almost exclusively your own. It is thus that I 
should like to teach you all things ; showing you the 
way to profitable exertion, but leaving the exertion to 
you — more anxious to bring out your manliness in the 
presence of difficulty than to make your way smooth by 
toning difficulties down. 

492. Steadfast, prudent, without terror^ though not 
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at all times without awe, I have' found you on rock and 
icd, and you have shown the still rarer qualify of 
steadfastnhss in intellectual effort. As here set forth, 
our fe.sk seems plain enough, but you and I know how 
often we have had to wrangle resolutely with the facts 
to bring out their meaning. The work, however, is now 
done, aud‘ yoc are master of a fragment of that sure 
and certain knowledge which is founded on the faithful 
study of nature. Is it not worth the price paid for 
it f Or rather, was not the paying of the price — the 
healthful, t if sometimes hard, exercise of mind and 
body, upon alp and glacier — a portion of .our delight ? 

49§. Here the^ we part. And should we not meet 
again, the memory o^ these days will still unite us. 
Give me your hand. Good bye. 
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way.” — Post, 

^ XIX. 

A TREATISE ON RELAPSING FEVER. By R. T. Lyons, 
Assistant-Surgeon Bengal Army. Small Post 8vo. ^s, (>d. 


XX. 

HEALTH AND DISEASE AS INFLUENCED BY THE DAILY, 
SEASON^AND OTHER CYCLICAL CHANGES IN THE 
HUKAN SYSTEU By Dr. Edward Smith, F.R.S. A 
New Edition. 6d, 

XXI. 

UONSUHFTION IN ITS EARLY AND REMEDIABLE 
STAGES. By Dr. Edward Smiths F.R.S. A New Edition. 
ys, 6d, 


6 $, CoruAi//, and 12, Paternoster RoWy I^ndon, 




Books Published by Henry S. King 6* Cb., 


9 


XXII. 

FBACnCAL DIETARY FOR FAUnJES, SCHOOLS, AEl) 
THE LABOXJRINO CLASSES. By Dr. Edward Smith 
F.R.S. A New Edition. Price js, 6d. 

# 

XXIII. 

Second Edition. 

HERUAHH AGHA : An Eastern Narrative. By W. GiffOrd 
Palgrave, Author of “Travels in Central Arabia,” etc. 
2 vols., Crown 8vo. Cloth, extra gilt i&r. 

“ Reads like a tale of life, with all its incidents. •The young will take 
to it for its love portions, the older for its descriptions, some in this day for 
its Arab philosophy.’’ — Aihenaum* 

**'The cardinal merit, however, qf the story is, to our thinking, the 
exquisite simplicity and purity of the love portion. There is a positive 
fragrance as of newly -mown hay about it, as compared with the artificially 
'h perfumed passions which are detailed to us with such gusto jDy our ordina^ 
novel-writers in their endless volumes.” — Obsci'vcr. 

XXIV. 

NOBMAN MACLEOD, D.D. : A Contributftn towards his Biogra- 
phy. By Alexander Strahan^p ij*. 

** Reprinted, with numerous Additions and many Illustrations from 
Sketches by Dr. Macleod, from the Contemporary Reuiezv. 

XXV. 

LIVES OF ENGLISH FOPXTLAB LEADERS. No^i. Stephen 
Langton. By C. Edmund Maurice. Crown 8vo. js, w. 

“ The volume contains many interesting details, including some im- 
portant documents. It will amply repay those who read it, whether as a 
chapter of the constitutional history of England or as the life of a great 
Englishman. ” — Spectator, 

*‘Mr. Maurice has written a very interesting book, which maybe read 
with equal pleasure and profit.” — Morning Post, 

XXVI. 

SIX PRIVY COUNCIL JUDGMENTS— 1850-1872. Annotated 
by W. G. Brooke, M.A., Barrister-at-Law. Cr. 8vo. gs, 

I. Gorham v. Bishop of Exeter. — 2. Westerton v, Liddell. — 3. Williams 
V, Bishop of Salisbury, and AVilsonzf. Fendal.— 4. Martin zi, Mackonochie. 
— 5. Hibbert v, Purchas. — 6. Sheppard v, Bennett. 
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XXVII. 

Second Edition. 

THOUaETS FOR THE TIMES- By the Rev. H. R. Haweis, 
M.A., Author of Music and Morals,” etc. Crown 8vo. 
ys. td. - « 

Introductory, — I. The Liberal Clergy. God. — II. Conception 
III. Experience. Christianity. — IV, Character. V. History. The 
Bible. — VI. Essence. VII. Doctrine. The Articles. — VIII. The 
Trinity, Original Sin. IX. Predestination. The Church. Life. — X. 
Pleasure. XI. Sacrifioe. Worship.— XII. The Lord’s Day. XIII. 
Preaching. CpNCLUSiON. — XIV. The Law of Progress. 

XXVIII. 

Second Edition. 

IN QUEST OF COOLIES. A gouth Sea Sketch. By James L. 

Hope. Crown 8vo, with 15 Illustrations from Sketches 
by the Author. Price 6.r. 

« ** Mr. Hope’i description of the natives is graphic and amusing, and the'^ 
Ijook is altogether well worthy of perusal.” — Standard. 

“ Lively and clever sketches,” — Athenmim. 

‘‘This agreeably written and amusingly illustrated volume.” — Public 
Opinion. 

XXIX. 

AN ESSAY « 0 N THE CULTURE OF THE OBSERVINa 
POWERS OF CHILDREN, especially in Connection with 
the Study of Botany. By Eliza A, Youmans, of New 
York. Edited, with Notes and a Supplement on the Exten- 
sion (jf the Principle to Elementary Intellectual Training in 
General, by Joseph Payne, Fellow of the College of Pre- 
centors: Author of “Lectures on the Science and Art of 
Eaucation,” etc, Crown 8vo. zs. 6 d. 

“ The little book, now under notiae, is expressly designed to make the 
earliest instruction of children a mental discipline. Miss Youmans presents 
in her work the ripe results of educational experience reduced to a system, 
wisely conceiving that an education — even the most elementary — should 
be regarded as a discipline of the mental powers, and that the facts of ex- 
ternal nature supply the most suitable materials for this description in the 
case of children. She has applied that principle to the study of botany. 
This study, according to her just notions on the subject, is to be funda- 
mentally based on the exercise of the pupil’s own powers of ob^rvation. 
He is to see and examine the properties of plants and flowers at first hand, 
not merely to be informed of what others have seen and examined. **~Pa/l 
Mall Gazette. 
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• XXX. 

From the Autkor^'s laUsS StenotypeH E^iaH\ 

HISS YOUHANS’ FIRST BOOK OF BOTANY. Designed to 
cultivate the observing powers of children. New and Enlarged 
Edition, with 300 Engravings. Crown 8vo, 5#. 


XXXI. 

ALEXIS DE TOCOITE V ILLE. Correspondence and Conversa- 
tions with Nassau JV. Senior, from 1833 1 * 59 * Edited 

by Mrs. M. C. M. SiMPSON., T^vo Vols., Large JPost 8vo, 2is^ 
‘‘ An extremely interesting book, and a smgnlarly good illustration: of tlu! 
value which, even in an age of newspapers and magazines, memoirs have 
and will always continue to have for the purposes of history.’* — Satun/ay 
Fevieiv. ^ 

“A book replete with knowledge and thought.” — Quarterly Reinew* 
“Another of those interesting journals in which Mr. Senior has, as it 
were, crystallized the sayings of some of those many remarkable men with 
whom he came in contact .” — Morning Post, 


XXXI I. 

ECHOES OF A FAMOUS YEAR. By Harriet Parr, Author 

of ‘^The Life of Jeanne d*Arc,”#“‘In the Silver Age,” etc. 
Crown 8 VO, Ss, 6d, 

“ A graceful and touching, as well as truthful account of the Frailco- 
Pnissian War. Those who are in the habit of reading books to children 
will find this at once instructive and delightful .** — Public Opinion, 

“Miss Parr has the great gift of charming simplicity of style: and if 
children are not interested in her book, many of their seniors* will be,’* — 
British Quarterly Review, 


XXXIIU 

ROUND THE WORLD IN 1870 . A Volume of Travels, with 
Maps. By A. D. Carlisle, B.A., Trin. Coll., Camb. Demy 
8vo, i&r. 

“ Makes one understand how going round the world is to be done in the 
quickest and pleasantest manner, and how the brightest and most cheerful 
of travellers did it with eyes wide open and keen attention all on the alert, 
with ready sj^pathies, with the happiest facility of hitting upon the most 
interesting features of nature and the most interesting characteristics of 
man, and^ali for its own sake. 

“We can only commend, which We do very heartily, an eminmtly sen- 
sible and readable book .” — British Quarterly RevieWm 
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XXXIV. 

OVER YOLCAKOES; OB, THBOUGH FBAECE AND SPAIN 
IN 1871. By A. Kingsman. Crown 8vo. lo^. 6d. 

**The writer’s tone is so pleasant, his langiu^e is so good, and his spirits 
are so fresh, buoyant, and exhilarating, that you find yourself inveigled , 
into reading, for the thousand-and-first time, a description of a Spanish 
bull-fieht.” — Illustrated London News. * 

**Tne adventures of our tourists are related with a good deal of plea- 
santry and humorous dash, which make the narrative agreeable reading.’^ 
—Public Opinion. 

** A work which we cordially recommend ^o such readers as desire to 
know something of iSpain as she is to-day. Indeed, so fresh and original 
is it, that we could have wished that it had been a bigger book than it is.” 
— Literary World. 

x:jxv. 

Second Edition. 

!FHE NILE WITHOUT A DEAGOHAN. By Frederic Edek. , 
* In one^ v61., crown 8vo, cloth, 7s. 6d. 

‘•Should any of our readers care to imitate Mr. Eden’s example, and 
wish to iee things with their own eyes, and shift for themselves, next winter 
in Upper Egypt, they wVl find this book a veiy aweeable guide.”— Times. 

“ Gives, within moderate compass, a suggestive description of the charms, 
curiosities, dangers, and disiomforts of the Nile voyage.” — Saturday 
Review. « 

“We have in these pages the most minute description of life as it ap- 
peared on the banks of the Nile ; all that could be seen or was worth seeing 
in nature or in art is here pleasantly and graphically set down. . . . 

It is a book to read during an autumn holiday.” — Spectator. 


XXXVI. 

Second Edition. 

THE SECRET OP LONG LIFE. Dedicated by special per- 
mission to Lord St. Leonards. Large crown 8vo, gs. 

“ A charming little volume, written with singular felicity of style and 
illustration. ” — Times. 

“A very pleasant little book, which is always, whether it deal in 
paradox or earnest, cheerful, genial, scholarly.” — Spectator. 

“ The bold and striking diaracter of the whole conception is entitled 
to the warmest admiration.” — Pall Mall Gazette. 

“We should recommend our readers to get this book . . - . because 

thej^ will be amused by the jovial miscellaneous and cultured gossip with 
which he strews his pages.” — British Quarterly Review. 
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XXXVII. 

Second Edition. 

SCEIPTTJBE LANDS IN CONNECTION WITH THBIB 
HISTORY. By G. S. Drew, M.A., Vicar of Trinity, 
Lambeth, Author of “ Reasons of Faith.” Bevelled boards, 
8vo, price los. 6d. 

Mr. Drew has invented a new method of illustrating Scripture history 
— ^from observation of the countries. Instead of narrating his travels %nd 
referring from time to time to the facts of sacred history belonging to the 
different countries, he writes an outline history of. the Hebrew nation from 
Abraham downwards, with special reference to the vai^us joints in which 
the geography illustrates the history. The advantages of this plan are 
obvious. Mr. Drew thus gives us not a mere imitation of ‘ Sinai and 
Palestine,’ but a view of the same subject from the other side. • . • He 
is very successful in picturing to his readers the scenes before his own mind. 
The position of Abraham in Palestine is portrayed, both socially and* geo- 
graphically, with great vigour. Mr. Drew has given an admirable account 
vof the Hebrew sojourn in Egypt, and has done much to jpopularize the 
newly-acquired knowledge of Assyria in connection with tne^two Jewisll 
kingdoms. — Saturday Reviei^. 

XXXVIII. 

Second Edition. 

CATHOLICISM AND THE VATICAN. With a Narrative of the 
Old Catholic Congresses 4t Munich and Cologne. By J. Lowry 
Whittle, A.M., Trin. Coll., Dublin. Crown 8vo, (>d. 

We cannot follow the author through his graphic and lucid sketch ot 
the Catholic movement in Germany and of the Munich Congress, at which 
he was present ; but we may cordially recommend his book to all who 
wish to follow the course of the movement.” — Saturday Review. 

“A valuable and philosophic contribution to the solution of one of the 
greatest questions of this stirring age.” — Church Times. 

XXXIX 

NAZARETH: ITS LIFE AND LESSONS. In small 8vo, 
cloth, ss. By the Author of The Divine Kingdom on 
Earth as it is in Heaven.” 

**/« Him was Ufej and the life was the light of menT 
**A singularly reverent and beautiful book; the style in which it is 
written is not less chaste and attractive than its subject.” — Daily Telegraph. 

*‘Perhapp one of the most remarkable books recently issued in the 
whole range of English theology. . . . ^ Original in design, calm and 

appreciative in language, noble and elevated in style, this book, we venture 
to think, will live.” — Churchman's Magazine. 
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r XL. 

JOUBKALS KEPT IN PBANCE AND ITALT, FBOM! 1848 
Tb 18 S 2 . With a Sketch of the Revolution of 1848. By 
ithe late Nassau William Senior. Edited by his daughter, ' 
M. C. M. Simpson. In two vols., post 8vo, 241. * 

*iTlie preBcnt voluioue gires us conversations with some of the most 
paraEttment men in the political liistorj of France and Italy ... as 
well.as with others whose names are jiot so familiar or are hidden under 
initials. Mr. denio^^has the art of inspiring all men with frankness, and 
of persuading them to put themselves unreservedly in his hands without 
ear of private 

** Ti^e book has a genuine historic value .” — Saturday Revuw. 

better, more honest, and more readable view of the state oi 
political society during the existence of the second Republic could well ' 
be looked for,” — Examiner, 


XLI. 

THE DIVINE KINGDOH ON** EARTH AS IT IS IN 
heaven. In demy 8vo, bound in doth. Price loj. 6d. 
** OurJCOMWONWJEALTH is in Heaven ” [Now ready. 

It is so’.dom that, in the .course oi our critical duties, we have to deal 
with a volume of any size > or pretension . so entirely valuable and satis- 
factory as this.*^. Published anonymously as it is, there is no living divine 
to whom the authorship would not be a credit. . . , Not the least of 

its merits is the peifcct simplicity anA clearness, conjoined with a certain 
massive .beauty, of its stylc.^’—^Zj/trary Churchman. 

‘*A high purpose and a devout spitit characterize this work. It is 
thoughtful and eloquent. • . . The most valuable and suggestive chapter 
is entitled ‘ Fulfilment in lift and Ministry of Christ,’ which is full of 
ot^md ithinking admirably tepressed .” — British Quarterly Review. 
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I. 

A LitfrLE WORLD. By Geo. Manville Fenn, Author of 
“ The Sapphire Cross," “ Mad," etc. Three vols* 

II. 

CIVIL SEBVICE. By J. T. Listado, Author of Maurice 
Reynhart." 2 vols. 

in. 

VANESSA. By the Author of “ Thomasina,” &c. 2 vols. 

THE QUEEN’S SHILLING. By Capt. Arthur Griffiths, 
Author of Peccavi ; or, Geoffrey Singleton’s Mjstake." 2 vols. 

V. 

CHESTEBLEIGH. By Anslev Conyers. 3 vols. 

SQUIRE SILCHESTER’S^WHIM. By Mortimer Collins, 
Author of ‘‘Marquis and Merchant,” “The Pfincess Clarice," 
&c. 3 vols. 

VII. 

WHAT TPIS TO LOVE. By the Author of “Flora Adair," 
“ The Value of Fosterstown," etc. Three vols. 

VIII. 

JOHANNES OLAF. By E. de Wille. Translated by F. E. 
BUNNEl^'r. • 

The author of this story enjoys a high reputation in Germany ; and both 

English and ^^rerman critics nave spoken in terms of the warmest praise 

of this and her previous stories. She has been called ‘*The ‘George 

Eliot ’ of Germany. ” 

• IX. 

TOO LATE. By Mrs. Newiuan. Two vols., crown Svo. 


X. 

LISETTETB VENTURE. By Mrs. Russell Gray. Two vols., 
crown 8vo. 
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EC ENTITY 'T UBLISHED N O YELS. 


I. 

SEETA. By Col. Meadows 
Taylor, Author of “ Tara,*' etc. 
In three vols. [yust out. 

THE DOCTOR’S DILEMMA. 

By Hesba Stretton, Author of 
Little Megi” etc., etc. 

\yu5t out. 

•|ii. f) 

OFF THE SHELLIGS. By 

Jean Inget.ow, (Her first Ro- 
mance. ) In four vols. 

[Just out. 

IV. 

HONOR BLAKE; THE STORY 
^07 A PLAIN T’V'OMAK. By Mrs. 
Keatinge/ Author of English 
Hom^s in India.” Two vols., 
crown 8vo. IJust out. 

THE SPINSTERS OF 

BLATCHINGTON. By IVTar. 
Travers. T w<s> vols., crown 8 vo. 

A pretty story. In all respects desenr 
ine of a favoiiraDle reception.” — Graphic^ 
A book of more than average merit, 
and worth reading,” — Examiner. 

THE Pm^GESS CLABICE. 
A 8T0BT OP 1871. By Mor- 
TIMER Collins. Two vols., 
crown 8vo. 

Mr. Collins has produced a readable 
book, amusingly characteristic. There is 
good description of Devonshire scenery ; 
and lastly there is Clarice, a most success- 
ful heroine, who must speak to the reader 
for herself.”— .<4 /A/wotkw. 

Very readable and amusing. We 
would especially give an honourable men- 
tion to Mr. Collins' * vers de socUU^ the 
writing of which has almost become a lost 
art.” — Pall Mall Gazette. 

**A bright, fresh,' and original book, 
with whi<m we recommend all genuine 
novel-readers to become acquainted at the 
earliest opportunity.” — Standard. 


VII. 

A GOOD MATCH. By Amelia 
Perrier. Author of “ Mea 
Culpa.” Two vols. \yust out. * 

•'Racy and lively.*' — Atkefueum. 

** Agreeably written.” — Public Opinion. 
**As pleasant and readable a novel as 
we have seen this Examiner. 

“ Thi.s clever and amusing novel. ”—?/*<»// 
Mall Gazette, 


VIII. 

THOMASIHA. By the Author 

of “Dorothy,” “De Cressy," 
etc. Two vols., crown 8vo. 

\yust out, 

**We would liken it to a finished and 
delicate cabinet picture, in which there is 
* no brilliant colour, and yet all is harmony : 
in which no line is without its purpose, 
but all contribute to the unity of the work.” 
— t/iemeum, 

“For the delicacies of charactcr-draw- 
ing^for play of incident, and for finish o 
style, wc must refer our readers to the 
story itself: from the perusal of which 
they cannot fail to derive both interest and 
amusement.*' — Daily News. 

“This undeniably pleasing story.”— 
Pall Mall Gazette, 


IX. 

CRUEL AS THE GRAVE. 

, By the Countess von Both- 
MER. Three vols., crown 8vo. 

“ ycalonsy is emd as the Grave.^* 

“ The Wise Man's motto is prefixed to 
an interesting, though somewhat tragic 
story, by the Countess von Bothmer. . . , 
Her Gerinan prince, with his chivalrous 
affection, his disinterested patriotism, and 
his soldierlike sense of duty, is no un- 
worthy type of a national character which 
has lately given the world many instances 
of old-fashioned heroism.”— 

“ An agreeable, unaffected, and emi- 
nently readable novel.” — Daily News, 
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WABD'S WIFE. By Hamilton 
Marshall^ Author of ** For 
Very Life-” One vol., crown 
8vo. 

^ *' There are many clever conceits in it. 

. . • Mr. Hamilton Marshall proves in ‘ Sir 
Edward’s Wife * that he can tell a story 
closely and pleasantly.”— /V»// Ma// Ga- 
zette, 

“A quiet graceful little story.”— 
iator, 

XI, 

PEUFLEZITY. By Sydney 

Mostyn. Three vols.,- cr. 8vo. 

** Shows much lucidity, much power of 
portraiture, and no inconsiderable sense of 
humour.”— ^ • 

** The literary workmanship is good, and 
the story forcibly and graphically told.”— 
Daily News. 

** Written with very considerable power ; 
the plot is original and . . . worked 

put with great cleverness and sustained 
interest Standard. 


XII. 

LINKED^ AT LAST. ByF. 

E. Bunnett. One vol., cr. 8vo. 

** * Linked at Last ' contains so much of 
pretty description, natural incident, and 
delicate portraiture, that the reader who 
once takes it up will not be inclined to re- 
linquish it without concluding the volume.” 
Morning Post. 

“A very charming story.”— 


XIII. 

HER TITLE /)F HONOUR. 

By Hoi.me Lee. One voL, 
crown 8vo. (Second Edition.) 

** It is unnecessary to recommend tales 
of Holme Lee’s, for they are well known, 
and all more or less liked. But tj|iis book 
far exceeds even our favourites. Sylvan 
Holt's Datighter^ Katkie Brands, and 
Thorney Hall, because with the interest 
of apathetic story is %nUed the valu^of 
a dennite and high purpose.” — S^ctator. 

“A most exquisitely writtem story,”— 
Biterary Churchman, • 


Books Pi^lished by Henry S. King <&* Co,, 
THE STOBy'''OF SIE ED- 


P 


OOKS 


FOI^ 


THE 


yOUNG. 


I. 


BRAVE MEN’S FOOTSTEPS. A Book of Example and Anec- 
dote for Young People. By the Editor of Men who have 
Risen.” With four Illustrations by C. Doyle. Crown 8vo. 
3 ^. 6tf. 


Josiah Wedgwood — the Man of 
Energy. 

Granville Sharp — the Negro’s 
earliest Friend. 

Richard Cobden — the International 
Man. 

Dr. William Smith — the Father of 
English Geology. 

Andrew Reed — the Stay of the 
Hopeless. 


Michael Faraday — the Refined 
Philosopher. 

Thomas Wright — the Prison Phi- 
lanthropist. 

Joseph Paxton — the Gardener Ar- 
chitect. 

The Early Life of the late Prince 
Consort. 

Etc., etc. 
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NOSLMAN IKTACLBOD, B.D. 

THE AUTHOR OF ‘^TATTY-” 

LADY BARKER. 

JEAN INGELOW. 
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A, L. WARING. 

W. ALI.rNGHAM. 

JCRS. GEORGE CITPPLES. 
ROBERT BUCHANAN. 


C. C. FRASER-TYTLER. 


One Hundred and Fifty Illustrations by 


ARTHUR HUGHES. 
J. MAHONEY. 

J. B. ZWECKER. 


W. J. WIEGAND. 
TOWN LEY GREEN. 
F. A. ERASER. 


F. S. WALKER. 

M. FRASER-TYTLER. 


III. 

Tfine ISTnA WONDEE'HOBN. By Jeas Iwgelow. A 
Secyond Series of Stories told to a Child.” 15 Illustrations. 
Cloth gilt, 3^. 6 d 


<' IV, 

GUTTA-PERCHA WILLIE : THE WORKING GENIUS. By 

George MacDonald. With Illustrations by Arthur 
Hughes. Crown 8vo, 3^. 6 d. 


' V. 

PLUCKY FELLOWS. A Book for Boys. By Stephen J. 
Majckenna. Illustrated. 


VI. 

HOITT TOITT, THE GOOD LITTLE FELLOW. By Charles 
Camden, Author of *^The Boys of Axleford.” Illustrated. 
Crown 8vo, 3J. 6 d. 


VII. 

STORIES IN PREdOUS STONES. By Helen Zihmern. 
Crown 8vo. Six Illustrations. Price Sj. 
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VIII. 

THE THAVELLING MENAGERIE. By Charles CamdW, 
Author of “ Hoity Toity.” Illustrated by J. Mahoney. 
Crown 8vo, 3^. 6 d, 

IX. 

THE DESERTED SHIP. A} Real Story of the Atlantic. By 
CUPPLES j Howe, Master Mariner. Illustrated by Tov4NLEY 
Green. Crown 8vo, 3J. 6 d, 


X. 

EliSTE DINSMORE. By Martha Farquharson. Crown 8vo. 
llliistrated. 


XI. 

HOLpAYS AT ROSELANDS. With some after scenes in Elsie's 
life. Being a Sequel to ‘‘Elsie Dinsmorc/k By Martiha 
Farquharson. Crown 8vo. Illustrated. ^ 

XII. 

ELSIE’S GIRLHOOD. A Sequeff to “Elsie Dinsmore" and 
“ Elsie's Holidays at RfJselanas.” By Martii#i Farquharson.* 

xriL 

JEAN JAROXJSSEAU, THE PASTOR OF THE DESERT. 

From the French of Eugene Pellet an. Translated by 
Colonel E. P. DE l'Hoste. In fcap. 8vo, with an engraved 
frontispiece, price 5J. 

“ There is a poetical simplicity and picturesqueness; the noblest heroism ; 
unpretentious religion ; pure love, and the spectacle of a household brouglit 
up in the fear of the Lord. . . , The whole story has an air of quaint 

antiquity similar to that which invests with a charm more easily felt than 
described the site of some splendid ruin .” — lUustrcUcd London News, 

“ A touching record of the struggles in the cause of religious liberty ol 
a real man.” — Graphic. 


XIV. 

LILTifPUT REVELS. By the Author of “Lilliput Levde." 
With Illastrations. Crown 8vo, 3^*. 6rt?l {Shortly. 
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I. 

KBMY BESE&YES AKD 
KnmA BEFOKMS. Uy Lieut.- 
CoL*The Hon. C. Anson. 

[/« tAi press. 

II. 

VICTORIES Afro DEFEATS. 

An attempt to explain the causes 
which have led to them. An 
Ofliccr’s Manual. By Col. R. P. 
Andvrson. Demy 8vo. 

[/// preparation, 

ly. 

Shortly XiMl he published : 

STUDIES IN THE NEW 

ZVFAHTBT TACTICS. By Major 
W. von SciiERKFF. Translated 
from the German. 

THE OPERATIONS OF THE 

FIBST ABMT TO THE CAPI> 
TULATION OF METZ. By Von 

Schell, Major In the Chief 
General Stah‘, with Mans, includ- 
ing one of Metz and of tne country 
around, which will be the most 
perfect yet publishctl of that dis- 
trict. In demy 8vo. Uniform 
with the above. 

[In prepap'ation. 

The moskt important events ilc- 
scriWl in this work arc the Iwitilcs of 
Spichern. those before Met/ on the J 4 th 
and i9th August, and (on this point no 
thing authentic has yet been published) 
the Itistoiy of the investment of Meu 
(battle of Noisseville). 

llus work, however, pos-sesses a greater 
Importance than that aerived from these 
points, because it represents for the first 
time from the official documents the gene- 
ralship of Von Stclnmeti. Hitherto we 


have had no exact reports on the deed:* 
and motives of this celebrated general. 
This work has the special ol^ect of un- 
folding carefully the relations in which the 
commander of the First Army acted, the 
plan of operations which he drew up, and 
the manner in which he carried it out. 


V. 

THE OPERATIONS OF THE 
OEBHAK ARMIES lET FBAETCE, 
FROM 8EBAH TO THE END 
< OF THE WAK OF 1870-1. With 
large Official Map. From tho 
Journals of the Head-Quarters 
Staff. By Major Wm. Blume, 
of the IVussian Ministiy of War. 
Translated by E. M. Jones, 
Major 20th Foot, late Professor 
of Military History, Sandhurst. 
Demy 8vo. Price 9^. 

“ The work of Major von Blume in its 
English dre.s.s forms the most valuable 
acUUtion to our stock of works upon the 
war that our press has put forth. Major 
Blume writes with a clear conciseness 
much w.iiiting in many of his country*^ 
historians, and Major Jones has done 
him.sclf and his original alike justice by 
his vigorous yet correct translation of the 
excellent volume on which he has laboured. 
Our space forbids our doing more than 
commending it earnestly as the most au 
thcntic and instructive narrative of the 
second .section of the war that has yet 
api>cared .’* — Snturdav A'eview, 

^*The book i.s of absolute necessity to 
the military student. ; . . The work 

is one of high merit and • , . has the 

advantage of being rendered into fluent 
English, and is accompanied by an ex- 
cellent military map.** — i/niied Service 
Gazette. 

“The work of translation has been well 
done ; the expressive Oerman idioms have 
been rendered into cl^r nervous English 
without losing any of their original force ; 
and in notes, prefaces, and introductions, 
much additional infornLition lias been 
given.** — A themennu 
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vt. 

THE OTERATIOHS OF THE 
SOUTH ABUT TS JAVUABT 
AHD PBBBUAB7, 1871. Com. 
piled from the Official War Docu- 
ments of the Head-Quarters of 
the Southern Army. By Count 
Hermann von Wartensleben, 
Colonel in the Prussian General 
Staff. Translated by Colonel C. 
H. VON Wright. Demy 8vo., 
with Maps. Uniform with the 
above. Price 6s, 

VII. 

THE CAMFAiaN OF THE 

FIB8T ARMY IV VORTHERV 
FRAVCE. (Aga inst Faidhcrbe.) 
By Colonel Count Hermann 
VON Wartenslkben, Chief of 
the Staff of the First Army. In 
demy 8vo. Lniform with the 
above. [/ft preparation, 

N.B. — It is l>elieve<l that General 
Beavciiamp Walker, of Berlin, 
will tran.slatc Oiis work. 

Mil. 

TACTICAL DEDUCTIONS 

FROM THE WAR OF 1870-1. 

By C.'iptain A. von Bogtslaw- 
SKI. Translated by Colonel 
Lumley Graham, Late i8ih 
(Royal Irish) Regiment. Demy 
8vo. Uniform with the al)ove. 
Price *15, • 

In all es!(cnttal things, according to 
our conviction! the author has rightly ap- 
prehended the lessons of the late war, and 
nis views are a guide and criterion that 
will be of service to every officer.'*— 
tnir ^^henblait. 

** Major Boguslawsk.i*s tacdcal deduc- 
tions from the war are, that infantry still 
preserve their superiority over cavalry, that 
<i pen order must henceforth be the main 
principles crf‘ all drill, and that the chas* 
IS the best of all small arms for pre- 
cision. . . . Wc must, without delay. 


impress* brain tnd forethought into ihn 
British Service ; and we cannot commence 
the good work too soon, or better, than by 
placing the two books v* The Operatitms of 
the German Armies' and 'Tactical De- 
ductions we have here criticised, in every 
military library, and introducing them as 
class-books in every tactical school,"— 
United Sendee Gazette. 


IX. 

HASTY INTBEHCHKENTa 

By A, Brialmont, Colonel on^ 
the Belgian Staff. Translated by 
Charles A. E^trsoN, Lieutenant 
R. A. Plute.i. Price 6s, 


X. 

CAVALRY FIELD DUTY* 

By Major-General VoNaMiRUS, 
Translated by Capt. Frank S. 
RfssELL, i 4 il^(King*.s) Hussars. 
Crown 8vo, linfp alotii, 5r. * 

This is the text-book of instruction 
in the German cavalrv, andac^pris^s alt 
the^ det^ls connected uith the^ military 
duties o|rca%'aIry soldiers on set vice. .The 
tcanslation is made from a new edition, 
iftiich contains the inrHlifications intro- 
duced consequent oil the experiences of 
the late war.^ The great interest that stu- 
dents feel in all the (.i^erman military 
riclhi>ds, will it is l>clievc(i, render this 
Wok csj>ccially acceptable at the present 
time. 

XI. • 

THE ARMY OF THE NORTH- 

GERVAV COVFEDERATIOV. A 

brief description of its organiza- 
tion, of the diffci'cnt branaics of 
the Service and their rdU in war, 
of its mode of lighting,” etc. By 
a Prussian General. Trans- 
lated from the German by Col. 
Edward Newdigate. Demy 
8vo. 5r. 

The authorship of this book was 
erroneously ascribed to the renowned 
General von Molike, but there can be 
little doubt that it was written under his 
immediate inspiration. 
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* XII. 

No|r jcady, an anthorised and accu- 
rate Translation of 

STUDIES IK LEADING 
TROOPS. By Col. Von Verdu 
DU Vernois. Translated by 
Lieut. I£. J. T. IIillyard, 71st 
Foot. Parts I. and II. Demy 
8yo j price Js, 

Nolice . — Tlie German publishers of this 
vrork dexirc to make it known that the 
author protests against an edition of Part 
1. whicti is on sate iOf England^ and wliich 
Is toll an inaccurate auA unauthorised 
translation. 

General PitACCiiAMi* Walkkk says 
of this work ; - ** I recommend the first 
two numbers of Colonel von Verdy’s 
^ Studies ’ Ui the attentive perusal of my 
brother CflFicers. 'i’hey supply a want 
which I have often felt during my service 
in this country, namely, a minuter Lictical 
dcuil <»f the minor (ricratioTiH of the war 
than any but the tfnust observant and for- 
tunately placed stafT officer is in a position 
to give, b'bwe read and re-read them 
very carefully, I hope with profit, certainly 
with great iutcrest, and believe f iat prac- 
tice, ill the sci'i.sc of these ‘ Studies,' would 
be a valuable preparation for maiuuuvt s 
on a inure extended scale.** — Berlin, June, 

XIII. 

DISCIPLINE AND DRILL. 

Four I..cclurcs dclivcrcil to the 
London ScoV^ish Kitle Vtilunlccrs. 

By Captain .S. Kiauiu Pagk, 
Adjutant of the Regiment, late 
105 th IJght Infantry, and Adju- 
tant of th^e ICdinburqjh Rifle Bri- 
gade. Just pubUslxed. A 
Cheaper Edition, price u. 

** One uf the bc.si-known and cooIcnI- 
headed of the metropolitan regiments, 
whune adjutant moreover haj» lately pub- 
Ushed an admirable collection of lectures 
addresHcd by him to the men of his corps. ” 
Times. 

TEE BENGAL aVABTSBLT 
THE BOMBAY DO. 

THE MADRAS DO. 


** The very useful and interesting work. 
. . . Every Volnnteer, officer or pri- 

vate, will be the better foe perusing and 
digesting the plain-^ken truths which 
Captain Page so firmly, and yet so mo- 
destly. puts before them ; axid we trust 
that the little book in which they are con- 
tained will find its way into all parts of 
Great Britain.** — Volunteer Service Ga- 
zette, 

XIV. 

Authorised Translaiton. 

THE FRANCO-OEBHAN 
WAR, 1870-71. First Part 
History of the War to the Down- 
fall of the Empire. First Sec- 
tion : — The events in July. 
Translated from the German 
^ Official Account at tlie Topo- 
graphical and Statistical Depart- 
ment of the War Office, l^y 
Capt. F. C. 11. Clarkk, R.A". 
Fir.st Section, with Map, now 
Ready. Demy 8 vo, 3 ^. 

XV. ' 

THE SUBSTANTIVE SEN- 

lORlTY ARMY LIST. Majors 
anpd. Captains. Containing the 
Names of all .Substantive Majors 
and Captains, Serving upon Full- 
pay or Retired upon Half- pay, 
arranged according to their 
Seniority in the Service, and in 
such order as immediately to ex- 
hibit the standing of every such 
Major or Captain for Promotion 
in liis own arm of the Service, 
“whether Cavalry, Artillery, En- 
gincer.s, Infantry, or Marines, 
specifying their |>articular Corps, 
and distinguishing those holding 
Higher Brevet -rank. By Capt. 
F. B. P. White, ist ^W. I. 
Regiment. 8 vo, sewed, 2s, 6(1. 

ARMY LIST. Sewed, 15^. 
DO. Sewed, 9s. 

DO. Sewed, I2S. 
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yHE jlJoRNHXLL j^IBRARY OF jP'lCTIOR. 


It is intended in this Scries to produce books of auch merit 
that readers will care to preser/e snem on their shelves. .Tliey 
are well printed on good paper, handsomely bound, with 
Frontispiece, and are sold at the moderate price of 

35. 6rf. each. 


ROBIN OBAT. By Charles 
Gihbon. Willi a Frontispiece 
by Hent^kssv. [Rcmiy. 

II. 

KITTY. By Miss M. Betham- 

KmvARLS. [AV<n/j'. 

in. 

HIRELL. By John Saun- 
ders, Author of “ Abel Drake’s 
WiEh.” [Keady, 

Other Standard 


IV. 

ONE OP TWO. By }f Hain 

Fr IS WELL, Author of “ The 
Gentle Life,” 

READY KOREY mAbtIBOY. 

• [At 


jVifZ'^S to 


Y 0 *E TRY. 


CALDEBON.— THE PUBGA> 
TOBY OP ST. PATEICK—THE 
WONJDBBPnX ISAGICXAjr ~ 
LIFE IS A DBEAM. Translated 
from the Spanish of Calderon, 
byDKNis Florence Macartiiy. 


SONGS POE SAILORS. By 

W. C, Uknnktt. ( town 8vo, 
3jr. 6r/. With Steel Portrait aii<l 
lUustraiions. 

Ah Edition in Iltustruted paper 
Covers, price ir. 


*65, Cornhill, and 12, Paiernosier Retw, London. 


24 


Books Publish^ by Henry S. King <&* O., 


. • 

iir. 

Shortly will be Re-issued, with ad- 
ditions to eachpart^. C. Bennett's 
Poems, in Five Parts, at One Shilling 
eaeh. 

BABY XAT, THX ITOBB WED- 
BXlfO BIHO, ABB OTHBB HOB B 

POBMS. With Illustrations by 
Watson. 

QUEEB ELEABOB’S VeBOEABCE, 
BAUiADS, ABB BABBATITE 
FOEKS. With Illustrations by 
Watson. 


S0KG8 BY A SOKG-WBJTEB. 

With Steel Poi^rait. First Scries. 


S0KG8 "BY A 80KG-WBITEB. 

With Illustrations by Watson. 
Second Series. 


P0EM8 OP THOUGHT AKD 
PAKCY, AHD 0K£ HUHBBBB 
SONNETS. With Illustrations 
by Watson, 


IV. 

rRBPAIlING FOR rUllLICATION. ” 
A CoUcctecl Kiiition. in Five Volumes of 

THE POETICAL AND PBOSE 

WOBXS OP BOBEBT BUCHABAB. 


V. 

WALLED IN, AND OTHER 
POEMS. By the Rev. Henry 
J. Bulkei-Y. Crown 8vo, 5r. j 
lAVw Ready. 7 


SGKGSOFLIIXANDDEATH. 

By John Payne, Author of 
“Intaglios,” “Sonnets,” “The 
Masque of Shadows,” etc. Cr. 
8vo, Sr. [Just out. 

VII. 

SONGS OP TWO WORLDS. 

By a New Writer. Fcap. 8vo, 
cloth, $s. 

“The ‘New Writer* is certainly no 
tyro. No one after reading the first two 
poems, almost perfect in rhythm 
all the graceful reserve of true lyrical 
strength, can doubt that this book is the 
/csult of lengthened thought and assidu* 
ous training in poetical form. . . 

These poems will assuredly take high 
rank among the class to which they 
l>clong.*' — British Quarterly Revirup^ 
April ist. 

** No extracts could do justice to the 
exquisite tones, the felicitous phrasing 
ana delicately wrought harmonics of 
some of these poems.*’— 

Rfarrh 127th. 

“Are we in this book making the ac- 
quaintance of a fine and original poet, 
or of* a most artistic imitator ? And our 
deliberate opinion is that the former 
hypothesis is the right one. ^ It has a 
purity and delicacy of feeling like morn- 
ing air.” — Graphic. March 16th. 

“If these poems are the mere preludes 
of a mind growing in power and in in- 
clination for verse, we nave in them the 
promise of a fine poet. . . . The verse 
describing Socrates has the highest note 
of critical poetry,*’ — Spectator, Feb, xjth. 


VIIT. 

EROS AGONISTES. By E. 

B, D, Crown 8vo, js. 6d, 

“ The author of these T verses has 
written a very touching story of the 
human heart in the story he tells with 
such pathos and power, of an alTection 
cherished so long and so secretly. . . . 
It is not the least merit of thm pages 
that they are everywhere illumined with 
moral and religious sentiment suggested, 
not paraded, of the brightest, purest 
character." — Standard. 
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THE LEOEHHS OF ST. 


PATKICK, k OTHXB POEMS. 

By Aubrey de Vere. Crown 
8vo, 5 J. 

“Wc have marked, in almost every 
page, excellent touches from which we 
know not how to select. We have but 
space to commend the varied structure 
of his verse, the carefulness of hi.s nam- 
mar, and his excellent English. All who 
believe that poetry should raise and not 
debase the social ideal, all who think that 
wit should exalt our standard of thought 
and manners, must welcome this contrt* 
butioii at once to our knowledge of the 
post and to the scicn<o of noble life.— 
Saturdeiy AcrvWc. 

X. • 

THE INN OF STBANOE ; 
MEETINGS, AND OTHEE 
POEMS. By Mortimer Coe- | 
LINS. Crown 8vo, 5.f. | 

Mr, Collins has an undercurrent of j 
chivaliy and romance beneath the trilling j 
vein of gocHl humoured Ixvnter which is 
the special characteristic of his verse. 

. . . The *Inn of Strange Meetings* 

s a sprightly piece.** — Aiftrnertem. « 

** Abounding in quiet humour, in bright 
fancy, in swcelnc*-;* and melody of cx 
prc.ssion, and, nt times, in the tendcrcsl 
ouches of pathos." — Cra^Atc, 


XU 

ASPBOXONTS, AND OTBDBB 

POEMS. Second Edition, cloihi 

4s, td, 

**The \*o1ume is anonymous; but there 
is no reason for the author to be ashamed 
of it. The * Poems of luly ' are evidently 
inspired by genuine enthusiasm in the 
^au.se e.spoused : and one uf thein, * The 
Execution of Felice Orsini.' has much 
poetic merit, the event celebrated being 
told with dramatic force.’* — Aikemtum, 

‘*Thc vers# is *iflueni and free.” — 
Spectator, 


XII. 

TEE DREAM AND* THE 

DEED, AND OTHER POEMS. 

By P.tTKiCK r, Autho» of 

“ Fcx'ji path.s Between T'wo 
Worlds,"' clc. 8vo, 

clolh^ 5^. 

*‘A bitter and able .cailrc on the vice 
atft follies of the day, literary, social, 
and political Stt^ftditrd, 

“Shows real poetic power coupled 
with evidences of satirical cncrg>',*’-“ 
Kdiftbnrsh Pttify Arz'/w, 
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rIFE AND "^ORKS OF THE 

Rev. FRED. W. ROBERTSON. 

NEW AND CHEAPER EDITIONS. 


LIFE AND letters OP THE LATE REV. FRED. W. 

BOBEBTSOK, M.JL. Edited by Stopford Brooke, M.A., Hon. 
Chaplain in Ordinary to the Queen. Library Edition, in demy 8vo, 
with Steel Portrait. I2s, 

A Popular Edifion, in one voi-., price 6s., is now ready. 

A New Edition, in two volumes, uniform with the Sermons, price ys. 6J.y 
will ]7C ready .shortly. 

^ 


SEKMOl^S : — Price 3J. 6d, per vol. 
First Scries. ? 

Second Series 
Third Series 
Fourth Sbrics 


Small crown 8vo. 
Small crown 8vo. 
Small crown 8vo. 
Small crown 8vo. 


EXPOSITOEY LECTITEES ON ST. PAUL’S EPISTLE TO 

THE CORINTHIANS. Small crown 8vo, Sj. 

AN ANALYSIS OP ME. TENNYSON’S ‘‘IN MEMOEIAM.” 

(Dedicated by permission to the Poet-Laureate.) Fcap. 8vo. 2s, 

THE EDUCATION OP THE HUMAN RACE. Translated 
from the German of Gotitiold Ephraim Lessing. Fcap. 8vo. 
2S, (j(f. 


IN PREPARATION. 

LECTURES AND ADDRESSES ON LITERARY AND 

SOCIAIi TOPICS. Small crown 8vo. 3^. 6d. 


A LECTURE ON FRED. W. ROBERTSON, VUl. By the 

Rev. F. A. Noble, delivered before the Yotuig Men’s Christian 
Association of Pittsburgh, U.S. is. 6tl. 
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Sermons by the Rev. Stopford A. Brooke, M.^. 

, Honorary Chaplain to Her Majesty the Queen. 


I. 

*THE LIFE AND WOBE OF FBEDEBICE DENISON 
HAUBICE. A Memorial Sermon. Crown 8vo, sewed, is. 


II. 

CHRIST IN MODERN LIFE. Sermons preached in St. 
James’s Chapel, York Street, London. T]|ird Edition. Crown 
8vo. ys, 6d, 

“ Nobly fearlciis and singularly strong . . . carries our admiration 
throughout .” — British Quarterly Keview, 

III. 

FREEDOM IN THE CHURCH OF ENGLAND. Second 
Edition. Six Sermons suggested by the Judgmoiit, 

In One Volume. Crown 8vo, cloth, 3^). 

“ Every one should read them. No one can be insensible to^ffe charm 
his .style, or llic clear logical manner in wlich he treats Iiis subject.” — 
Churchmans Monthly, 

‘‘We have to thank Mr. Brooke f(fl* a very clear and courageous 
exposition of theological vie\\%, with which we arc for the most part in 
full sympathy.” — Spectator, 

“Interesting and readable, and characterized by great clearness of 
thought, frankness of statement, and moderation of tone.” — Church 
Opinion, 

“ A very fair statement of the views in respect to frceck)m of thought 
held by the liberal party in the Church of England.” — Blaclrwoon s 
Magazine, 

IV. 

SERMONS PREACHED IN ST. JAMES’S CHAPEL, YORK 
STREET, LONDON. Sixth Edition. Crown 8vo. 6^. 

** No one who reads these sermons will wonder that Mr. Brooke is a 
great power in London, that his chapel is thronged, and his followers 
large and enthusiastic. They arc fiery, energetic, impetuous sermons, 
rich with the treasures of a cultivated imagination.”*— 

“ Mr. Brooke’s sermons are shrewd and clever, and always readable. 
He is better off than many preachers, for he has something to say, and 
.says it.”— Churchmans Magazine, . 1 » 

“ A fine specimen of the best preaching of the Episcopal pulpit. 
British Quarterly, 
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OOKS 


ON 


J NDIAN 




UBJECTS. 


I. 

THE EUROPEAN IN INDIA. 

A Hand-book of practical infor* 
mation for th^e p^pceeding to, 
or residing in, the East Indies, 
relating to Outfits, Routes, Time 
for Departure, Indian Climate, 
etc. By Edmund C. P. Hull. 
WitK a MEDICAL GUIDE 
FOR ANGLO-INDIANS. 

{ leing a comp^endium of Advice 
o Europedr.s in India, relating 
to the Preservation and Regula- 
tion ot Health. By R. S. Mair, 
M.D., F.R.C.S.E., lata?' Deputy 
Coroner of M adras. In one^ vol. , 
Post 8vo, 6^. ' 

“Full of all sorts df useful information 
to the V'.nglish settler or traveller in In- 
dia. — Stafidard, 

“ One of the most valuable books' ever 
published in India — valuable for its sound 
information, its careful array of pertinent 
facts, and its staling common sense. It 
is a publisher’s as well as an author’s ‘ hit,’ 
for it supplies a want which few persons 
may have discovered, but which everybody 
will at once recognise when once the con- 
tents of the book have been mastered. 
The medical part of the work is invalu- 
ablct ” — Calcutta Guardian* 

II. 

EASTERN EXPERIENCES. 

By L. Bowring, C.S.I., Lord 
Canning’s Private Secretary, and 
for many years the Chief Com- 
missioner of Mysore and Coorg. 
In one vol. , demy 8vo, i6s. Il- 
lustrated with Maps and Dia- 
grams. 


“ An admirable and exhaustive geogra- 
phical, political, and industrial survey.” — 
A thettanm. 

“The usefulness of this compact and 
methodical summary of the most authentic 
information relating to countries whose 
welfare is intimately connected with our 
own. should obtain for Mr. Lewin Bow- 
ring’s work a good place among treatises 
of Its kind .” — Daily Netvs. 

< “ Interesting even to the general reader, 

but more especially so to those who may 
have a special concern in that portion of 
our Indian Empire.” — Post. 

“An elaborately got up and careful^’ 
compiled work ,” — Home News. 


III. 

A MEMOIR OP THE INDIAN 

SURVEYS. By Clement R. 
Markham, Printed by order of 
Her Majesty’s -Secretary of State 
for India in Council. Imperial 
8vo, los* 6(1. 


IV. 

WESTERN INDIA BEFORE 

AND DUBINO THE MUTINIES. 

Pictures drawn from Life. By 
® Major-General Sir George Le 
Grand Jacob, K.C.S.L, C.B. 
In one vol., crown 8vo, *js. 6cf. 

“The most important contribution to 
the history of Western India during the 
Mutinies, which has yet, in a popular form, 
been made public.” — At/tetueum. 

“ I'he legacy of a wise veteran, intent 
on the benefit of^ his countrymen rather 
than on the acquisition of fame .” — London 
and China Express, 

“Few men more competent than him- 
self to ^peak authoritatively concerning 
Indian affairs.** — Standard, 
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V. 

EXCHANGE TABLES OF 
STEELUra ANB INDIAN RU- 
PEE CURRENCY, upon a new 
and extended system, embracing 
values from one farthing to one 
hundred thousand pounds, and at 
rates progressing, in sixteenths of 
a penny, from u. to 2s, 
per rupee. By Donald Fraser, 
Accountant to the British Indian 
Steam Navigation Co., Limited. 
Royal 8yo, los, 6d. 


A CATALOGUE OF KAPS QF 
THE BRITISH POSSESSIONS IN 
INDIA AND OTHER PARTS OF 
ASIA. Published by Order ot 
Her Majesty’s Secretary of State 
for India in Council. Royal 8vo, 
sewed, is. 

A continuation of the above, 
sewed, price 6//., is now ready. 


Messrs. Henry S. King Co. are the autfiorised agents 
by the Government for the sale of the whole of the Maps 
entnneraied in this Catalogue.^ 
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Nffw Ready fCrowtt Zvo^pnce ss. 

iIHE FORMS OF WATER IN RAIN AND RIVERS, ICE 
ANB 6IAC1ERS. With 32 Illustrations. By J. Tykdall, 
F.R.S. 

^ust Otti, crown ^o,^rice 4s. 

FSTSICS ANB POLITICS; or, Thoughts on the Application 
i of the Principles of Natural Selection and Inheritance ta 
Political Society. By Walter Bagehot. 

BEING VOLUMES ONE AND TWO OF 
THE 

II(TER1^ATI0I(AL SCIEI^TIFIC SEI[IES. 

Messrs. Henry S. King & Co. have the pleasuie to announce that undei 
this title they^aie issuing a Series of Popular Treatises, embodying 
the icsuV^j.of the latest investigations in the various departments of Science 
at present most prominenthi before the woild. 

The character and scope of tly* Senes will be best indicated by a refer- 
ence to the names and subjects included^ in the following List , from 
which it will be seen that the co-operation of many of the most distin- 
guished Professois in Lngland, Amenta, Germany, and Fiance has been 
already seemed. 

Although these Woiks aie not specially designed for the instruction ot 
beginners, still, as they aie intended to address the non-scienUjic public^ 
they will be, as fai as possible, explanatoiy in character, and free fiom 
technicalities. The object of each author will be to bung his subject as 
neai as he can to the general rcadei. 

The Series will also be published simultaneously in New York by 
Messrs. D Appleton & Co.-; in Pans by M. Geimer Bailliere ; and m 
Leipzig by Messis. Brockhaus. The volumes will all be crown 8vo size, 
well printed on good paper, strongly and elegantly bound, and will sell in 
this country at a price not exceeding^ Frve Shillings, 

The next volume will be 
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